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PREFACE 


Under NASA sponsorship the Analysis of the Benefits and Costs of 
Aeronautical Research and Technology (ABC-ART) models have been developed 
for use in analyzing the economic feasibility of applying advanced aero- 
nautical technology to future civil aircraft. The models were developed 
through in-house efforts at the Aaeo Research Center, with ooae contractor 
support. SRI International did not participate in the development of these 
models. The development work ended without the preparation of model docu- 
mentation. SRI was contracted to document the ABC-ART models as they 
existed. This two volume report is the result of the SRI effort. The 
first volume contains the main body of th2 documentation while the second 
contains supporting appendices. 

The assistance and cooperation of NASA in this study effort is 
gratefully acknowledged, particularly the contributions of Mr. Steven E. 
Belsley, who served as technical monitor* and Messrs. Louis J. Williams, 
Herbert Hoy, and Jeff V. Bowles, who provided valuable background informa- 
tion and technical assistance. 

This research was conducted within the Transportation and Industrial 
Systems Center of SRI International, Dr. Robert Ratncr, Director. Mr. 

James Gorhea served as supervisor and Dr. John Eobick served as project 
leader and principal investigator. Other research team members included 
Mr. Ronald Braun and Ms. Rita Denny. 
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I INTRODUCTION 


The Analysis of the Benefits and Costs of Aeronautical Research and 
Technology (ABC-ART) models have been developed by NASA for use in analyzing 
the economic feasibility of applying advanced aeronautical technology to 
future civil aircraft* The methodology is composed of three major modules! 
Fleet Accounting Module, Airframe Manufacturer Module, and Air Carrier 
Module. 

The Fleet Accounting Module is used to estimate the number of new 
aircraft required as a function of time to meet demand. This estimate 
is based primarily upon the expected retirement age of existing aircraft 
and the expected change in revenue passenger miles demanded. Fuel con- 
sumption estimates are also generated by this module. The Airframe 
Manufacturer Module is used to analyze the feasibility of manufacturing 
the new aircraft demanded. The module includes logic for production 
scheduling and for estimating manufacturing costs. For a series of aircraft 
selling prices, cash flow analyses are performed and rates of return on 
investment are calculated. The Air Carrier Module provides a tool for 
analyzing the financial feasibility of an airline purchasing and operat- 
ing the new aircraft. This module includes a methodology for computing 
direct and indirect operating costs, performing cash flow analyses, and 
estimating the internal rates of return on investment for a set of aircraft 
purchase prices. 

Documentation for the Fleet Accounting, Airframe Manufacturing, and 
Air Carrier Modules is provided in Sections II, III, and IV, respectively. 

The documentation for each module begins with a description of the methodo- 
logy, which includes an explanation of the mathematical model (Including 
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equations and assuopcions) eicbedded ulchln the prograo* The I’cplejEcata” 
tion of the oathenatical taodel into computer code is described in the 
program logic section of the documantation; this includes flov^charts of 
the logical construction and descriptions of the functions of the various 
program routines. Then, a description of the input to the nodule is pro- 
vided in sufficient detail to enable a user to prepare an input data file. 
Finally, examples of the output of the module are provided, and the various 
entries in the output are described. 

The sample output presented in the documentation of each module is 
extracted from a sample run of the ABC-i\RT models. This sample run is 
described in Section V of the report, including job setup, input data, 
and computer resource requirements. The sample problem was run at NASA 
Ames Research Center on a CDC 7600 computer system. 

Additional programmer-oriented documentation is provided in Volume II of 
this report. This Includes definition of common blocks and variables 
in Appendix A and listings of the program code, to which comments have 
been added, in Appendices C, D, and E. Also Included in Appendix B is 
a detailed description of the ZETA plotter routines, which are used to 
plot results in the Fleet Accounting Module. This portion of the docu- 
mentation is valuable for users interested in reading the program or 
modifying the code. 

The documentation contained in the appendices is designed to meet the 
requirements* for submitting the ABC— ART models to the NASA Computer Soft- 
ware Management and Information Center (COSMIC) operated under contract by 

*"C0SMIC Software Submittal Guidelines," Computer Software Management 
and Information Center, April 1976. 



the Infonaation Services Division of the University of Georgia's Conputer 
Center. The specific COSMIC requirements are addressed in Appendix F. The 
appendices (Volume II) plus a copy of the program are available from COSMIC. 

The scope of this research effort was limited to doci'ment^ng . he 
ABC-ART models as they exist. Code changes, program debugging, and 
justification of assumptions or relationships embodied in the models 
are outside the scope of tbs work. With the exception of the sample 
problem, which was supplied by NASA, SRI did not exerclae the models. 

The documentation was prepared by reading the FORTRAN program code. 

The ABC-ART models were originally developed for application within 
a specific study. As a result, assumptions have been made in the program 
code which constrain its flexibility. In addition, because of this limited 
past application, the computer program has not been subjected to a. 
thorough series of debug test runs. Hence, program bugs can be expected 
to be present. In fact, in tl'.e course of reading the program code, several 
bugs were discovered and corrected. It is quite like’y that other more 
subtle bugs still exist in the code. These generally can be found only 
. / testing the program via a series of computer test r-ns. 

Two steps need to be taken before the ABC-ART program can reasonably 
be expected to be useful in a variety of applications. First, the 
program code needs to be made more general and flexible. Parameters set 
in the code need to be made user inputs j and assumptions need to be re- 
laxed. Most of the required reprogramming is In the Air Carrier Module, 
with some in the other two moduels. Second, all modules need to be 
subjected to a thorough set of debugging runs. 
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’ II FLEET ACCOUNTING MODULE ’ 

' The function of the Fleet Accounting I'iodule is to pro jcct fleet 

) composition and associated fuel consumption for each of the 31 yo«rs 

from 1975 through 2005. The fleet projections art based on the number 
of aircraft required to meet traffic passenger demand. Eirjvlsicaa are 
made in the model to account for modifications of a^fe^ft in the fleet. 
New aircraft are assumed to be purchased as necessary to replace aircraft 
^ that have reached retirement age or to meet increased traffic v’amand. 

Descriptions of the mathematical modeling methodology, program logic, 
input, and output for the Fleet Accounting Module follow. 

A. Methodology 

The aircraft fleet can be arbitrarily divided into as manv as three 
I 

• markets. For examp — ,, aircraft might be categorized in markets by stage 

length of flights, i.e«, short. medium,and long haul markets. For a 

given market, the user must spr^Lfy, for each of the 31 years cf analysis, 

GROWTi ^ « gio\'th rate (in percent) of revenue passenger miles 
demanded in year j over those in the previous yeat 

LF_. average load factor for flights serving the market 

in year j 

where j - 1 to .31 rith j “ 1 for 1975. 

For a market, up to ten types of aircraft can be treated, including 
existing and new aircraft. These aircraft types may be generic types 
(e.g., four engin"^ narrow-body aircraft) cr .specific aircraft types 
(e.g., Boeing 747-100) • Tha parameters defining an aircraft type i inclr»de 
YINTRO^ « year ol' introduction 

SEATS^ » average rnenber of seats 






-or 
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SFCj^ « average fuel consumption (in pounds /seat mile) 

SPEED^ •• average block speed (in milcs/nouv) 

UTILTZ^ average utilization (in hours/year) 

LIFETIM^ - average aircraft lifetime (in years). 

For aircraft types currently in the fleet, a history of buys and 
retirements is required. Tliis history consists of the number of aircraft 
bought and retired in each year from 1960 through 1975. The methodology 
assumes that the fleet as of midyear ’■eprejents the averag?' ;.leet 
for the year for the purposes of computing fuel consumed, seat miles 
flown, etc. Therefore, the history of buys and retirements must be 
given on a midyear to midyear basis. For example, the aircraft bought 
in 1960 are those bought between 1 July 1959 and 30 June 1960. 

The model provides the capability to account for one future modification 
of each aircraft currently in the fleet. The user specifies such a 
modification by identifying the type of aircraft to be modified and the 
year the modification is to begin. Then the new values of the parameters 
for the modified aircraft type are specified, i.e., the ne-’ values of 
number of seats, fuel consumption, block speed, utilization, and nominal 
retirement age. The model assumes that the modifications occur over a 
two-year period. Half the aircraft of the designated t.ypc are 
modified in the year specified. The remaining aircraft are modified in 
the following year. 

In projecting the evolution of the fleet, the fleet accounting metho- 
dology keeps track of several major quantities. For each of the aircraft 
types (up to 10) defined for a given market, those quantities include: 
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NOBUY 

NORETIRj^j^ 

POPUL^j 

SEATMl^j 

RMSij 

FUELDRN^j 

MARKET^ 


nuttber of aircraft of t>'pe 1 bought In year k 

* 

number of aircraft of type i retired in year k 

number of aircraft of type i in the fleet on 30 
June of year J 

seat miles flovm by each type i aircraft in year j . 

revenue passenger miles flown by each type 1 aircraft 
in year J 

fuel consumed (in barrels) by each type 1 aircraft 
in year J 

total RPy»s demanded in year J 


where 


k ■ 1 to 46 with k ■ 1 for 1 July 1959 to 30 June 1960 and 
j “ 1 to 31 with J * 1 for 1975. 

The number of aircraft of each type in the base year of 1975 (as 

of midyear) is computed from the input 16-year hlsflory of aircraft buys 

and retirements as follows: 

16 


POPUL,. - E (NOBUYS.. - NORETIR,. ] (1) 

IJ IK IK 

with J ■ 1. The seat miles flown, revenue passenger miles flown, and fuel 
consumed in the base year by each aircraft of type i are computed as follows: 


SEATMIj^j - 

(SFEED^) (UTILIZ^) (SEATS^) 

(2) 

RPMij - 

(SEATMI.jXLKj) 

(3) 

FUELBRN^j " 

> (SFC^/281.4)(.'.EATMI^j) 

(4) 


with j ■ 1. The total number of RPMs demanded in the market under consid- 
eration in the base year is, given by: 


NARKETj^ 


E ((RPM 

i 


MPOPUL^j)] . 


(5) 


*The values for k ■ 1 to 16 are the input histories for existing aircraft 
types. 
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For each year of analysis beyond the base year, the first step in 
the methodology Is to retire those aircraft scheduled to retire. The 
number of aircraft retired of a specific type in a given year is taken 
to be the number bought in a past year, which is determined by going 
back the number of years equal to the input retirement age. The next 
step is to update the characteristics of those aircraft scheduled for 
modification. Characteristics which are updated include the number 
of seats, speed, utilization, retirement age, and fuel consumption. 

Since it is assumed that modifications occur over a two year period, in the 
input year of modification, the average of the old and new values of air- 
ct .ft characteristics are assumed to hold. In subsequent years, the new 
values hold. 

Having retired and modified aircraft in the year of analysis, the 
next step is to determine if any new aircraft need be purchased to meet 
demand. The number of RPMs demanded, MARKET^ , for any year j (greater 
than 1) is computed as follows: 

MARKElj - (1.0 + GROVrrHj/100)(MARI3:Tj_j^) . (6) 

The number of RPMs supplied by the fleet without any new aircraft in year j 
is computed using Eqs. (2) and (3) to compute RPM^j for each aircraft type 
1 in the year j, and then summing over aircraft types. The difference 
between the RPMs demanded and those available is given by: 

RPMDIFF -MARKET^ - Z ( (RPM^j) (POPUL^j ) ] . (7) 

If RPMDIFF is not positive, no new aircraft are purchased. In the 
case where RPMDIFF is negative, supply ex:eeds demand and the average load 
factor will be less than that expected for the year. If RPMDIFF is positive, 
more aircraft are needed to meet demand. The number cf aircraft purchased 
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Is given by 

NOBUYS - lU*MDIFF/PPW^,j (8) 

where i' designates the aircraft type to be purchased in year j. 

When defining aircraft types in the input data, existing aircraft 
types are defined first, then new aircraft types. The order of definition 
of aircraft types is important in determining which aircraft is purchased 
in a given year. The aircraft purchased in year j is the first aircraft 
type encountered that has been introduced in year j or earlier, where the 
aircraft types are considered in the reverse order (last to first) in 
which they were input. 

The methodology records statistics on fleet population, buys, 
retirements, seat miles flown, RPHs flown, and fuel consumed. These are 
gathered on a yearly and cumulative basis for individual aircraft types 
and for markets. This information is provided in printed and plotted output. 

In the remainder of this chapter, detailed descriptions of the program 
logic, input, and output for the Fleet Accounting Module are provided. 


*Ncw aircraft types arc not necessarily aircraft types to be introduced 
at a later cate. They may be current aircraft types. 
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B, Prop, ram Logic 

Figure 1 illustrates the interrelationships among the routines which 
make up the Fleet Accounting Module program. BET acts as the train 
program for the Fleet Accounting >todule and the Airframe Manufacturer Module. 
Subroutine INPLAIIT provides the interface between these two modules. Since 
it controls the flow of logic for the Airframe Manufacturer ^^odulc, it is 
considered part of this module aid will be discussed in the next Section 
Brief descriptions of each routine :*.n the Fleet Accounting Module, together 
with flowcharts of the logic follow: 

BET 

Program BET serves as the main program for the Fleet Accounting Module. 

A flowchart of the BET logic is shown in Figure 2. The BET routine controls 
the flow of logic for the Fleet Accounting Module, considering the markets 
sequentially. It reads the data defining the market as well as the 
parameters defining the existing aircraft, new aircraft, and aircraft 
modifications. BET cal''s upon routines AMORTIZ, ^50DS, and BUYS for each 
year to determine aircraft retirements, modifications, and buys. BET controls 
the printing of various statistics regarding fleet composition and activity 
projections, Including number of retirements, buys, seat miles flown, RPMs 
flown, and fuel consumed. These arc printed for Individual aircraft types 
and for markets on a yearly and cumulative basis. The BET program calls 
upon various routines to create .’lots of RPMs flown and fuel consumed on 
an individual aircraft type and market basis. 











PROGRAM 

BET 



Figure 2 Flowchart of Program BET Logic 
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Figure 2 (Continued) 


13 






CALt BUYS (YEAR 

BUY NEW AlRCRArr NEEDED TO 
MEET RP.MS DEMANDED 














Figure 2 (Continued) 
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Figure 2 (Continued) 
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PRINT VARIOUS YEAPLY AND CUMULATIVE MARKET SHARE 
AND TOTAL STATISTICS FOR: 



o 
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o 

o 
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NUMBER OF AIRCRAFT IN THE FLEET 
NUMBER OF AIRCRAIT BOUGHT 
NUMBER OF AIRCRAFT RETIPXD 
SEAT MILES FLOWN 
RPMS FLOWN 
FUEL CONSUMED 





i 
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Figure 2 (Concluded) 
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AMQRTIZ 

This subroutine is called upon in each year of the analysis to retire 
aircraft that have reached retirement age* AMORTIZ stores data on 
retirements for future use and updates the number of remaining aircraft 
in the fleet. A flowchart of subroutine AJfORTIZ logic is shown in Figure 3,. 

MODS 

Subroutine MODS is called upon by BET in each year to update the 
characteristics of aircraft scheduled for modification. A modification is 
assumed to occur over a two-year period. In the year a modification begins, 
the aircraft characteristics are assumed to be the average of the old and 
new values. In the following (and subsequent years), the new values hold. 

A flowchart of the subroutine MODS logic is shown in Figure 4. 

BUYS 

Subroutine BUYS is called upon by BET in each year for each market 
to deteriuine the aircraft buys. A flowchart of this routine is shoxai in 
Figure 5. Aircraft are purchased if the difference between the RPMs demanded 
and the RPMs supplied by the remaining fleet in the market (after retirements 
and modifications) is positive. The aircraft type to be purchased is the 
first aircraft type encountered whose year of introduction has occurred, 
determined by examining the list of existing and new aircraft types in the 
market in the reverse order they were specified in the data input. The 
number of aircraft purchased is computed by dividing the additional RPMs 

needed to meet demand by the RPMs available per aircraft of the type to be 
purchased. 
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Figure 3 I'lowchart of Subroutine AMORTT.Z Loylr 





Figure 4 Flovchurt of Subroutine >50DS Logic 
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SHARE 


This subroutine is called upon by BET to maintain totals by market 
and year of such statistics as: number of aircraft, number of retirements 

number of buys, seat miles, RPMs, and fuel consumed. A flowchart of sub- 
routine SHARE logic is shown in Figure 6. 

UNIT04 

This subroutine la called by BET to reorganize the card input data 
file. A flowchart of subroutine raiTOA logic is shown in Figure 7. Card 
input up to the first end-of-file is copied to a disk file on logical 
unit 4 vhile card input between the first and second end-of-flle is copied 
to a disk file on logical unit 8. The data on units 4 and 8 arc read by 
the Aitirame llanufar.t'jrer Module program. 

CURVES 

This routine is called to store revenue passenger miles flovm and 
fuel censumed by each aircraft type for use in plotting in subroutine 
PLOTTER. The data is stored to enable plotting RPMs flown and fuel burned 
as a function of time, accumulating over aircraft types. A flowchart of 
subroutine CURVES logic is shown in Figure 8. 

SETUP 

Subroutine SETUP is called by BET to initialize the plotting software 
on logical unit 11, whore subroutine PLOTSGL produces plots of RPMs 
flown and fuel consumed for individual aircraft types. A flowchart of 
subroutine SETUP is shown in Figure 9, 



SUBROUTINE 

SHARE 

(MARKET, YEAR) 


± 

UPDATE TOTiVLS BY MARI^T AND YEAR OF; 

o NUI-IBER OF AIRCRAFT 
o NUMBER OF AIRCRAFT RETIRED 
o NUMBER OF AIRCRAFT BOUGHT 
o SFJ^T MILES FLOWN 
0 RPMS FLOWN 
o FURL CONSUMED 


— xV 

UPDATE TOTALS BY YEAR OF: 

o NUMBER OF AIRCRAFT 
o NUMBER OF AIRCRAFT RETIRED 
o NUMBER OF AIRCRAFT BOUGHT 
O SEAT MILES FLOIVN 
O RPMS FLOWN 
o FUEL CONSUMED 


^RETURN 


Figure 6 Flowchart of Subroutine SHARE Logic 
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Figure 7 Flowchart of Subroutine UNIT04 Logic 
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SUBROUTINE 

CURVES 



Figure 8 Flowchart of Subroutine CURVES Logic 
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PLOTSGL 


Subroutine PLOTSGL ia called by BET to generate plots of RPMs flown 

(In billions of oiles) and fuel consumed (in ollllons of barrels) versus 

time (in years) for individual aircraft types. Separate plots of each 

of these quantities is produced for each aircraft type for which the user 

has specified that such plots are desired. The plots are generated on 

an 8 by 6 inch set of coordinate axes v;ith the scale of the axes calculated 

to cover the range of fuel consumed and RPI-Is flown in the market that 

the aircraft serves. The logic assumes that the fuel consumed in a market 
8 11 

exceeds 10 barrels and that RPMs exceed miles. A flowchart of the 

subroutine PLOTSGL logic is shovm in Figure 10. 

PLOTTER 

Subroutine PLOTTER generates two graphs, one for fuel consumption and 
one for RPMs flown. The yearly fuel consumption and RPMs flown versus time 
by each aircraft type in all markets are plotted. Each successive plot for 
an individual aircraft type is referenced tc the accumulated fuel consumed 
or RPMs flovm by all aircraft types already plotted. Curves are generated 
on an 8 by 6 inch sec of coordinates. The scaling of the coordinates may 
be specified by the user or the default may be used. In all cases, the 
printed values along the axis are Co three significant figures. For the 
default, RPMs are in billions of miles and fuel consumption is in millions of 
barrels. The scale is computed so that it covers the range of total RP ^^3 
flown and fuel consumed. The default logic assumes that the total RPMs 
exceed 10^^ miles and the fuel consumed exceeds 10® barrels. A flowchart 
of the subroutine PLOTTER logic is shoTO in Figure 11. 




Figure 10 Flowchart of Subroutine PLOTSGL Logic 
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Figure 10 (Concluded) 
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Flgurs 11 Flowchart of Subroutine PLOTTER Logic 
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The following are plotter software routines; 

PLOTS 

PLOTS initializes plotting routines; it must be called once for each 
logical unit on which plotter output is to be generated. 

PLOT 

PLOT is the fundamental plotter function. It causes the plotter pen 
to be moved from where it is to a specified location with pen either up 
or down. 

LINAXS 

LINAXS plots and labels a linear axis. 

SYMBOL 

SYMBOL causes a string of alphanumeric information to be plotted in 
a manner specified in the calling sequence. 

NUMBER 

NUMBER plots the EBCDIC representation of a floating point number. 

RSTR 

RSTR is called after each plot is finished. It clears the buffers, 
moves the pen to a new page, and reinitializes the necessary variables for 
a new plot. 

Additional programmer-oriented documentation is provided in the 
appendices. In Appendix A, definitions of the common blocks and variables 
are provided. In Appendix B, descriptions of the plotter software routines 
and their arguments are provided. A listing of the code for all routines is 
provided in Appendix C. Comif^nts have been added to this code to assist 
a user in reading the program. 
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C. Input 

The input data to the Fleet Accounting Module is in card format and 
is read from logical unit 5. The input file is described in Table 1^ 
where a description of each entry in this file is provided. All the 
cards are read by program BET except card 13, which is read by sub- 
routine PLOTTER. 

The information provided in Table 1 is of sufficient detail to 
enable a user to prepare input data for the Fleet Accounting Module. 
When preparing input, it may prove useful to refer to the listing of 
the input data for the sample problem in Section V. 
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Table 1 Card 

Input Data 

for the Fleet Accounting Module 

Card 

ColuTnn 

Parameter 

* 

Format 

Description 

1 

1-20 

HRKTYPE(I) 

2A10 

Alphanumeric name given to the Ith market > where 





2, or 3. Cards 1 to 11 are repeated for each 
market to be analyzed. 

2 

1-10 

GROWra(l) 

FIO.O 

Growth rate (in percent) of revenue passenger miles 





(RPMs) demanded in market I during the first year 
(1975). (This entry is not used in any 


11-20 



comp jtations , but is included for format consistency.) 

2 

2^ 

GROWTH (2) 

FIO.O 

GroWfc.h rate (in percent) of RPMs demanded in market I 
during the second year. 


In Increments 
of 10 columns 

GROWTH (J) 

FIO.O 

Growth rate (in percent) of RPMs demanded in market I 
during the Jth year, J=3 to 31. 

3 

1-10 

LF(1) 

FIO.O 

Load factor (decimal) for flights In market I during 
the first year. 

3 

11-20 

LF(2) 

FIO.O 

Load factor (decimal) for flights In ;.r.rket I during 
the second year. 

3^ 

In Increments 
of 10 columns 

LF(J) 

FIO.O 

Load factor (decimal) for fllghCe In market I during 
the Jth year, J=3 to 31, 

4 

1-5 

NOEXPLS 

15 

Number (no more than 10) of existing types of aircraft 
serving market 1. 

5 

1-10 

TYPE(K) 

AlO 

Alphanumeric name g^ven the Kth existing aircraft type 
for market I, where K=l. 

5 

11-20 

YRINTRO(K) 

FIO.O 

Year type K aircraft began operating (e.g., 1971). 

5 

21-30 

SEATS (K) 

FIO.O 

Average number of seats available par flight by type K 
aircraft. 

5 

31-40 

SFC(K) 

FIO.O 

Average fuel consumption In pounds per seat-mile for 
type K aircraft. 

5 

41-50 

SPEED(K) 

FIO.O 

Average block-to-block speed in statute miles per hour 
for type K aircraft. 

5 

51-60 

UTIUZ(K) 

FIO.O 

Average utilization in hours per year for type X 
aircraft. 



1 


Table 


Card 

Column 

Parameter 

Format 

5 

61-70 

LIFETIM(K) 

FIO.O 

5 

71-80 

PLOTS (K) 

AlO 

6 

1-10 

K0BUYS(K,1) 

FIO.O 

6 

11-20 

H0BUYS(K,2) 

FIO.O 

6* 

tn Increments 
of 10 columns 

!10BI«S(K,L) 

FIO.O 

7 

1-10 

N0R£TIR(K,1) 

FIO.O 

7 

11-20 

110r.ETIR(K,2) 

FIO.O 

7^ 

In increrjcnts 
of 10 columns 

H0R£TIR(K,L) 

FIO.O 

o 

1-5 

NOMODS 

I" 

9 

1-10 

MODATA(l) 

AlO 


9 


11-20 


M0DATA(2) 


FIO.O 


(Cunclnued) 


L 



Nominal retirement age in years for type K 
aircraft. 


Enter the word **PI^T** If plots of the revenue passen- 
ger miles and fuel consumption versus time for type K 
aircraft are desired ^ otherwise leave blank* 

Number of type K aircraft placed into service 
in year 1 (7/1/59 through 6/30/60)* 

Number of aircraft of type K placed into service in 
year 2. 

Nut:l)cr of aircraft of type K placed into service in 
year L, L-3 to 16. 

Number of aircraft of type K retired from service 
in year 1 (7/1/59 through 6/30/60)* 

Number of aircraft of type K retired from service In 
year 2. 

Number of aircraft of type K retired from service in 
year L, L-3 to 16. 

Note: Repeat cards 5-7 for K-1 to NOEXPLS; l.c., 

repeat for each existing aircraft type In 
market I. 

Number (no more than 10) of modifications to existing 
types of aircraft. 

Note: Onit card 9 if NOMODS - 0. 

Alphanumeric name of a previously defined existing 
aircraft type which will undergo modification during 
the time period of concern . 

The year (from 1976 through 2005) during which the 
aircraft modification is to begin* Tlie modification 
takes place over a two year period beginning in the 
year specified. 



Table 1 


Card Co 1 uir.n 
9 21-30 

9 31-40 

9 41-50 

9 51-60 

9 61-70 

10 1-5 

u> 

Cn 

11 

12 

13 

14 


Parameter 

Format 

KODATAO) 

FIO.O 

M9DATA(4) 

FIO.O 

M0DATA(5) 

FIO.O 

M0DATA(6) 

FIO.O 

H0DATA(7) 

FIO.O 

NONEW 

15 


QPI.0T 15 


1-IC 


TOPFbFJI 


E10.4 




(Continued) 


Description 


Average number of seats available on the modified 
aircraft. 

Average utilization of the modified aircraft In 
hours per year. 

Nominal retirement age of the modified aircraft in 
years. 

Note: Repeat card 9 for each of the NOMODS modi- 

fications to existing aircraft types. Only 
one modification per aircraft type is allowed. 

Number of new aircraft types that will be available to 
replace retiring aircraft in market I. (The sum of 
NOEXPL and NONEW must not exceed 10.) 

Note: Omit card 11 if NONEW • 0. 

Tile contents of this card are the same as those for 
card 5, only the data pertains to new types of air- 
craft. Card 11 is repeated for each of the new 
aircraft types, l.c., for *f«N0EXPLS + 1 to NOEXFLS + 
NONEW. 

Mote: The data on cards 1-11 are repeated for each 

market; the maulmun) number of markets Is thrce« 
Er.d-of-flle card. 

plotted output Is desired which shows 
Kl Ha flown and fuel consumed versus time for each 
aircraft type In a format for Illustrating market 
share; enter a zero otlierwlse. 

Hi xlnum value of fuel c.'.nsumptlon (In barrels) on the 
iuel axis of the market share plot. 




Table 1 (Concluded) 


Card 

Column 

Parameter 

Format 

14 

11-20 

MOKRXSF 

110 

14 

21-30 

TOPRPHS 

e:j.4 

14 

31-40 

HOMKKSR 

110 


O' 


Description 

Nusibcr of tick icarks on the fuel axis of the fuel 
consunptlon loarket share plot. 

Maxlnmztt value of the RPMs flcnn (in ciles) on the 
RPM axis of the narket share plot. 

Humber of tick narks on the IcPM axis of the RPM 
market share plot. 

Mote: Card 14 is optional. If orricted, the fuel 

consucptlon will be shown in nilllons of 
barrels, and PJ’Ms will be shown in billions 
of miles on the rnarket share plots. There 
will be 40 tick marks on the axes. Card 13 
must be Inserted If the total fuel consumed 
does not exceed 10® barrels or th-i total 
R?Ms flown does not exceed IqU miles. 


*A11 data should be placed as far to the right as possible within the columns allocated. Parameters 
with an "X'' format must not contain a decimal point. 

^Actually four cards are required. 

^Actually two cards are required. 



D. Output 


The Fleet Accounting Module output consists of printed information and 
plotter output. The printed Information includes statistics describing 
projected fleet composition and activity. These statistics include number 
of aircraft retired, number of aircraft bought, seat statute miles flown, 
revenue passenger statute miles (RPMs) flown, and fuel consumed for indi- 
vidual aircraft types and markets on an Individual yearly and cumulative 
basis. The plotted output includes graphical presentation of RPMs flown 
and fuel consumed as a function of time by individual aircraft types and 
by markets. 

To facilitate describing the printed output of the Fleet Accounting 
Module, excerpts from the printed output of the sample problem (see 
Section V) are presented. As shown in Table 2, the printed output for 
each market considered in tne analysis begins with a printout of some of 
the input data. The data pointed includes the RPM growth rates for each 
year of the analysis (1975-2005), the load factor for each year of the 
analysis, aircraft characteristics and buy and retirement histories for ' 
each existing aircraft in the market, aircraft modification data, and the 
characteristics of the new aircraft in the market. The computed values of 
the RPMs demanded in each year from 1975 through 2005 are then printed. 

Following the initial page of printout for the market, a table of data 
like the one shown in Table 3 is printed for each new and existing aircraft 
type in the market. The statistics in the table Include, for each year 
from 1975 through 2005, projections of the number of soat statute miles 
flown, barrels of fuel consumed, revenue passenger statute miles flown, 
number of aircraft (l.c., population), number of buys and number of 
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Tible 2 


SAMl’LE PaiKTOUr OF INPUT DATA AND PROJECTED RPM DEMAND 


HtOKuT • 'ttOpiH »4MGc 


GROWTH 


6,033*1 

6 * 0 CgCf 

6 .OCO 1 . 

6 * wCC 0 

6 .c 000 

6.W9CC. 

6.1)03 

6*4 )Ct' 

6 . 0)20 


6 .ccjr 

6 .C 000 

6,0000 

>.0303 

6.00)3 

6.(0CC 

6.03CC 

<*9C,u> 

6 * ( f wV. 


6 . 0 * 2 . 

6 . 1 / 4 CT 

6 .VC )3 

O.OOCO 

6 . 000 C 

6 . vCCC 

6.00CG 

6 .'jJtO 

6 . 0 *.* 

6 i.t 

6 . :.*')*' 


If 

,j9503 


.5500 

• 55tJ 

. .55v3 

.55vC . 

. . 95^9 

• 55C0 

.5503 

.55CO 

• 150C 

.550 

. 55 :. 

.55vl 

• 5533 

• S5n 


• 55it 

• 5500 

.5500 

.55(3 

.550C 

.9503 

• 55CO 

.55;*1 

• 55. t 

• 55C*i 

.55vJ 

• 55C»;. 

• 55CO 

.5500 


EtI5TlKr, FtcfT 







4£Hr,W5TJ 

196.Q,OOOD 

.134tC00«' 

• 2523 

409*0003 

2509.C3CU. 

16aO:)3 


3.03J3 

6* Cui C 

6.0000 

6.0000 

r.OOCD 

3.000C 

0.0030 

O.OOCO 

3.J irj 

• •at;. 

C •4f On 

‘.0000 

c. coco 

3. COCO 

C.i't33 

0.C3OC 

0.0000 

3.CCOI 

3.COO-3 

0. i»C0C 

u. COC 0 

3.uau'** 

c.otoo 

0.< 040 

o.ojsr 

o.occc 

0*0000 

O.OJC«i 

^ . O'jC^ 

O.COOt 

o.cooo 

c.tocr 

45HGNRTC 

196i«.»c(;. 

i.4.300:. 

.1959 

4O4.OOG0 

3102.0000 

16.0030 


.. 0iO;3-» 

J • Ci t k 

5«Ctv<: 


7.5CCO 

7.50CO 

6.4t-33 

iT.cno 

24.23)3 

lV.60Cv 

23.5000 

C. JCi ^ 

2 ' 

>•0 )CiO 

0.C303 

c.< **.cc 

I.OIIO 

V « oocc 

o.ooco 

0. CO 00 

ii.COCO 

).UJwC 

0.C033 

C.03CC 

i.r*3:*o 

;• N)u\.k 

T.COO.* 

b. «. OC'O 

O.OOCO 

O.OOCC 

O.CCOO 

c.oato 

3EHGM9TC 

I 96 3. 4U4C • 

..2*2t0<* 

. 2 1 4u 

3iP.i t>v J 

2C79,i,)4A 

16. C VIO 


O.039(^ 

o. CO(t 

f .Cf 3J 

J» >OCu 

3 0. OO 4 0 

74.400C 

77 . 7630 

92.1300 

110.1000 

92.Cttc 

52.40OC 

24.^r,t*. 

*3.33i.w 

24.5jU. 

95.Ct‘3a 

26.3000 

6.0000 

o.ccoo 

9.C003 

3 . u3 Uv/ 

. J J J 

)• Jao^ 

i..N.r )f 

C.i ncC 

3.0 ))^ 

*■ « vOCO 

O.OCOO 

O.o'jOO 

C.OOCD 

J . C vC c 

c.oroo 

0.C3CC 

nooiPTCiTTON^ 

rt 







HFW &TPC9A‘= 

T TYP6S 







2 

N2fNPwR*»P 

1987, COOO 

m.ccoo 

.1140 

3: s.CuvO 

3079. COCt 

16. coo 


M19954C 

!995.c:t'» 

17l*v'5j' 

• . a14 » 

35^.0030 

3079. OOCC 

16.0000 





• AJ2l^»A^2i6.«73L<.e-)7f f + 11 

• 76Cnt'Qi<»R'6.32'^!>5i T*ll 

• 77C^3 5720 7j31 
.;zn^>^e'3 76 7«?i7Rl ?5E^17 
. n 70^^35 67 39 39(.62iCC£ + l? 

• 603<J35 5AAOf ♦!? 
.•2\39*'153«*307j<94.5 3l2 5«4l2 
.307 7RS3ill4202;2 3jf,-f flE 


• 63^2 70«e»^6 9l^5 0077if r>ll 

• n?'';2H.74<,-»60A2*0^tl*i; 

• iwl73C699t 366<|99,23^€4:2 

• 1234326A3iSlA7u7^ 313S 4;2 
.lb214 3»7P: 426923><2'il6^:2 
.2 347C2;*.2- 74tl 562I.JC c^l2 

• 25 943:75l66:i*1toi43#>t»12 
.32^25»‘»H22 ;^i5C79 3 2 5t*-:2 


.67556724P0237763f7l7f4ll 
.R1415')562515AU!734A£^U 
.iJ^»3454C5i4F4«l4453F^12 
.13613R62294267322206F412 
• 171 9718744 31 2 5292969f»:2 

• 2:A984 2»*?04S45 3l78l27tl2 
. ’7393765£ 7t 57651 562 tt^l2 

• 345 9199ft,/l43 1« 26 *06 2f^ 12 


•71 71512 •29»2wi6Cul56?4.1 

• 935 3 7999626*^ttA250003t4U 

• 1143 146 : 29*9 l3U63>9f^l2 
•: 44392 74C31 92 373C469fc^l2 
•1A21 44137321 12691 312 c4 12 

• 33 3 •949241 21094 E4i2 

• 2 9P3 739161 71 73^46675 E^a2 



Table 3 


S/rSLZ MINTCXTT OF YEAfiLY f^EET OOMFOSITIOM AJiD ACTIVITY PXOJECTIOHS FOR AN INDIVIDUAL AIRCRAFT TYPE 


*IPr«*CT TYPf ■ N7EN^iW»|PF 


rfk» 


5t*^-3Uc3 

lYfiP) 

PUtL3'iPH£0 
tT:*P J 

9PM^ 
CYf |P| 

p^^pui Axxn'i 
*9 OF nlO-T=AR 

? 8»irs/Tv 
(THRIJ MJO-Y6API 

5 R6TIPcD/YR 
ITHRU rtID-Tg*»l 

197? 


«/• 


a* 

0. 

0. 

0. 

1076 


0* 


3. 

3. 

’• • 

0. 

*.977 


* • 

• 

0. 

0. 

0. 

c. 

1973 


J • 

*» • 

im 

0. 

0. 

0. 

)979 


{* 


Of 

0. 

0* 

c. 

1983 ' 


m • 

«• • 

1. 

0. 

o« 

0. 

1931 


c • 

0« 

w • 

0. 

'i. 

0. 

1932 


0* 

0. 

^ % 

>• 

3. 

J . 

1933 


J» 

• 

0. 

J. 

0 • 

0. 

X9?t 


w • 

J • 

i* 

0. 

0. 

«« • 

1 933 


r. 

J • 

0. 

0. 

0. 

- — 

1933 


• 

• • 

)• 

^ • 

G. 

0. 

1937 


.:549?»ii 

•o274c*C7 

•6518F«1J 

•82166*32 

.9215P*C2 

0. 

1 93^ 


• 303tE*n 

.;?3o=^tc 

•1559=*11 

•I6lr6*03 

•7e85£*02 

0. 

1939 


.47'J6£*ll 

• i906E*t e 

.25336*11 

.24976*03 

.8P54F*0? 

0. 

I 993 


.6»<7 lr*ll 

.2734£*t fi 

•3779C*11 

•36456*33 

.n406*:3 

0 • 

1994 


tfc771«4:; 

• 3953t ♦: e 

.43243*11 

.465’6*03 

.10086*03 

0. 

1 99“ 


. *1 ilCc^I 2 

• 4493c ♦!. S 

•61.36*11 

•5^P7?*t3 

.12346403 

w . 

1993 


•1264=412 

•5t27t*ca 

. V:04E*U 

.72386*03 

.12816*03 

0. 

1994 


•1642£412 

• 66566 *c a 

•9j366*11 

.H716F*03 

.14786*03 

0. 

1993 


.I643z^12 

•6t5oc*CP 

• 9 1366*11 

.'i7ue*03 

3 . 

M . 

1 996 


• jbVjc^l 2 

.665^ **Cb 

.93366*11 

.• 71t6*C3 

1. 

D. 

19'#/ 


• i64 3*: *12 

• 666^c«v 6 

•4>356*11 

.•7166*03 

?. 

w • 

1998 


.1643=*12 

• 6c56f*C 8 

• 99l6c*U 

.87166*03 


0. 

1909 


.I64’£4l 2 

.66566 ♦. 8 

.9j36?*n 

••7166*03 

0. 

c. 

7000 


• 164 3t*l2 

• 665b?*L e 

.9^366*:: 

.87166*03 

-• . 

c. 

2031 


• I64 3=tl? 

.66 56c*C6 

. 9:356*11 

.8 7Ud*:3 

3. 

# 

20J2 


•1642?*:? 

.66561 *C8 

.93366*11 

.8 716t*J3 

•>. 

u . 

2023 



• wc2**:**ie 

.61346*11 

.789?E*03 

3. 

•82166*02 

2C34 


•l339r *12 

• 5426£*C 8 

.7357«^*n 

.7K8F*33 

0. 

•7P)56«02 

>033 


•1.72:*12 

• 474->?*. t- 


.C 22C6*03 

3. 

.68646*02 





retirements. The population, number of buys and number of retirements 
are shown as of midyear. The number of aircraft as of midyear is assumed 
to be the average number of aircraft operating during each year and is 
used in projecting the activity data (i.e., seat miles, fuel burned, etc.). 

The next type of output provided by the Fleet Accounting Module is 
illustrated in Table 4. A table of this type is printed for each aircraft 
type in the market. It provides accumulated (through each year of the 
analysis) values for seat miles flown, fuel burned, revenue passenger 
miles flown, number of buys, and number of retirements. 

The output discussed thus far is provided for each successive market 
analyzed. After the printout for the last market, a table like the one 
shown in Table 5 is printed for each market analyzed. This table provides 
results analogous to that provided in Table 4, except the results are totals 
for all aircraft types in a market. The next printed output is illustrated 
in Table 6. This table provides the totals over all markets analyzed for 
seat miles, fuel consumed (in barrels), RPMs, buys, and retirements. 

The next type of output is illustrated in Table 7. This output is 
produced for each market analyzed, and includes the fractional share of 
seat miles, fuel burned, RPMs, and number of aircraft for the market relative 
to the totals over all markets. 

Table 8 illustrates: the next type of output provided by the Fleet 
Acco'inting Module. This table is produced for each market analyzed. For 
each year of analysis, i.he seat miles flown, fuel consumed, revenue passen- 
ger miles flown, number of aircraft serving the market, and the number of 
aircraft bought and retired are shown. The final printed output is 
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Table 4 

SAMPLE PRIKTOUT OF CUMUIATIVE FLEET COMPOSITION ADD ACTIVITY PROJECTIONS 


FOR AN irffliVIDUAL AIRCRAFT TYPE 


Air^CRAPT TYPE • N2-Nr.wnPF 


YEAR 

ArCU*»ltlAT» 
SEAT-Mfl 1 

1975 

V • 

197A 

V. 

1977 

c • 

XQTa 

0* 

. 1.9 79 

v»... 

19^6 

0» 

1961 

u • 

1952 

0. 

19M3 

1. • 

19^<, 

4a « 

1985 

i'm _ 

19>6 

0* 

19«7 

.1549E411 

;98^ 

• 45 846^11 

1989 

. 9289641: 

1992 

•1616E412 


•2493E»1» 

199? 

.3633H412 

1993 

.4967E^12 

1994 

.t6l.‘f4l2 

1995 

• 62536412 

1996 

♦9396641? 

1997 

♦:i54c4l3 

1998 

• iii;5f4:3 

1999 

•1432C413 

2CO-J 

•164TE413 

2001 

•13116413 

?00? 

•19756*13 

2933 

♦2124c413 

2004 

• 22*‘^E4l? 

2Cr 5 

♦23756fl3 


AOrynuunvc 

4ccu’3*uAnvE 

F»)cl-8|fRNcn 


0. 

3# 

c • 

2. 

0, 

0. 

i • 

0. 


u 

Vi# 

c. 

0# 

•>• 

ei* 


0* 

0# 

. • 

!•*• 

(a • 

0. 

*-i • 

0 • 

.62746*l7 


• lfl57E*C3 

• 252164U 

•3763F40B 

.31096411 

•65476«l8 

•6898E»11 

• 10}0E*C9 

•13716»12 

♦ J46wF4^9 

•198l6^l? 

•2012c4C9 

•2732F412 

• 2678F4C9 

•3636£4i2 

•33438409 

.45396412 

•4609F^09 

•54436412 

•467564,9 

.6346641? 

• 534jF4f 9 

.72506412 

• 6io6t*C9 

.3l54f^l2 

« 66 7114I 9 

.90$7f • 12 

17 ; *?9 

.99616412 

.8C J2t'4C9 

.1)866413 

• HO :5k *09 

•11686413 

.6;48t»t;9 

.12426413 

.96238 *09 

• 13)66413 


RCCU9U14TTV? . 

4CCUPUIATIVE 

» 3IIVS 

» RETIR60 


C. 

C. 

c. 

c. 

c . 

c. 

c. 

c. _ 

. - 0. 

c. 

c. 

t. 

c. 

0. 

c. 

c. 

la. 

c. 

c. 

, 

4a . 

C.' 

u. 

.P216F4C2 

c. 

• X613.64/:3 

4 . 

♦ (249764C3 

0 * 

.364964C1 

4. 

.465364(3 

t. 

•5e37E^C3 

0. 

.723«P4r3 

c • 

.87»4c^.3, 

0. 

• 37l6fc4«,3 

4 • 

.P716F4C3 

w • 

.871664C3 

c . 

.8 7166 4.,? 

c. 

.8716E4C3 

c • 

• e7l6E^'^3 

0. 

• •7l6f4*.3 

0. 

•8716F4.3 

1 • 

•87l6t4r3 

•62166402 

. 871664* 3 

. 1 6iOE 403 

•P716F 401 

•249764^3 



Table i 


S/KPU raiKTOUT OF OJKUUITIVE FLEET COKPOSITIOM AKO ACTIVITT PROJECTIONS FOR A KARIXT 


• NEOfim 9RN6P 


Jt£i» ICWfliJUIiyf 

S£*T-«U?S 
ITO OF YEARI 


_.4CCUfl»JUTlV£ ACCUaUtAUVE 

FUEL -BURNED »»HS 

<T0 EHO OF y£4»> (TO ENO OF Y£*R» 


ACCUaULAlIlf£_, 
9 %UYS 

(THRU «rO-Y£4t| 


1975 

1974 

1977 

19^8 

1979 

1980 

1981 ... 
1987 


1984 

1985 
1904 
1987 
1969 
1909 
1990 
1901 

i992 

)991 

1994 

1998 

1996* 

19Q7 

1998 

1999 
2003 
2001 
2J02 

2003 

2004 
2399 


. •13?JE^12 

.2239£^12 



•4769E#12 

•bl72f^l2 

♦7437E412 

•9190E412 

• 1304E«U 

aJZ42Em 

•1443E413 
#1639E413 . 

•1947E^13 
»2067E^13 
•2301F«13 



•2dll£^13 

•3089E413 

•3184E4X3 

•3694E«13 

• 4027€^n 
£ 4378£tl3 

.A^SlEali- 

• 5149EM3 

.5343F^n 

tbOOTf^ll 

.6474£^11 

-..•6975£n3 

•750?E»i: 

♦2^62£^13 

•C455E413 

•9284E413 


fP22g£^00 . 

. l694E4r9 

*2611i7Q3 

•3597E409 
•4435E4L9 
.973eF4l9 
.6908Et09 
•0150E«C9 

. .-947Q£^Q9 . 

• Ije7c4i:i 

. tl234E*lQ 

.1394£*10 
f 1554f*10 
•1721E«20 

.. tl594ctl0 

•2D69E*10 
.2250£^10 
•2435E«13 
,2624£^10 
•zei7£«i; 

„.al0l5|7lQ 

.3216F^10 

• 3M9E»10 
•3625E41& 

•3a3ze«iD 
•4O39E»10 

.•4Z49£tlL 
•4463E410 

• 469)F^IC 

• 49 30t^l0 
♦5185E^IC 


•60?lEtll 
•1243E^12 
.al917£?12 
•2634£^12 
•3394£flZ 
•4200E»12 
•5094E«12 
•5943E^12 

.*6919£tl2 

•7917F^12 

•9019Etl2 

•1014Etl3 

tU37r»13 

•1249E413 

_.^l4Q2£tU 

•I54&f^l3 

•1099£al3 

•18blEfl3 

•2033£»13 

•2219£«13 

iZiOSEtiO .. 

•2413E413 

•2830E»13 

.3040f4i3 

•3334E413 

•3562E«13 

•3&36E«13 

.4l?6E^13 

•4434F»13 

•4743E413 

.51D6F»13 


•2430£»02 
•7941F4C2 

A)AZki±^l 

.,2163£«03 

• 2<?69£tC3 
•4249E401 
«90l4Et03 
•7467E^C3 

^9433£tn3 

.1174L404 

•1394E4C4 

•1566E*C4 

•1643CtC4 

*1727E«C4 

amaitw 

•1930E4O- 

»203lFt04 

.7155£a04 

•2293£aC4 

•2430E404 

.2595£t« , 

•2792E4C4 

•3013E404 

•3247E^C4 

.3909E<'34 

•3G01E«04 

-•4a39£4fi%_ 

.4367£^C4 

•4617E>04 

• 4874FK4 
.5l52E*r4 


ACCUftUUTlVE 

I RETIRED 
(THRU HlD-YcAR» 

a* 

C • 

aOCbflEFUl , - 

•17C0c«02 

•3050£«02 

•66COt^02 

•2699E^0a 

•2560E«b3 

•3E51Etw3 ... 

•4994£>03 

•611C£>03 

•6069£«03 

•7il3E*C3 

»7246E*03 

•74^4E«03 

•&C14E^03 

•6277E«U3 

•6b08c«03 

•9438E403 

•1C17£«04 

.... •1098E4Q4 .... 

• 1226E4;>4 
•i363E^o4 
•lS4aE«04 
1745E4U4 
l9T5fc#04 
•2XC5£tQ4 
•2367£*C4 
•2449c*C4 
•242C£4w4 
•2&17E«C4 



SAMPLE PEINTOUT OF 


Table 6 

CUKULWIVE FLEET COKPOSITIOK AW) ACTIVITY PEOJECTIOMS TO* ALL MABKETS 


ACCUWJlATlVj TOTALS FOR Ut MARKETS 


It *£ Ci2!U.» JJ V{ 

SfAT-niieS 
<Tn ESO OF YE*»l 


-.^AccuMyunve. , 

F'I6L-»UPNE0 

CTO ENO OF TE4PI 


l<?75 

197S 

1517 

1973 

l??9 

1V30 

1981 

109? 


1985 
19S6 
1997 
1938 
1989^ 
19 93 

1991 

1992 
1991 

1994 

1995 

1995 
1997 

1996 
: 999 
20Ui) 
2001 
2037 
2003 
2301 
2005 


fll21Ctl2 

•2929E+12 

ai525£tl2 

•62ia£4l2 
* t*^0l2f^l2 

L.9915E412 
f 1193E«9) 

• HOTt^ 13 

al533f>12 

• 16T3iE^l3 
«212*E413 
•2393e^i3 

. • 26aiF#n 
•2987E413 

t_33 05 2413 

•3a19C4i* 

•lOioEtia 

•1313E413 

• 1799E4>13 
•5229ftl3 

•5581F^13 

•el66E4fi 

• ftS83F*n 
. 722. .413 
.7798E413 
•8i( «Evl3 
f 9J53E.13 

. -317E411 

• U21E*1^ 
.1235E411 


•lU72Ft09 

.221UE4G9 

- ~-t3U5£tC9 .. . 

•1692E4C9 

•6017E4U9 

• 7181E409 
•9O10E409 
•1061E.10 

al^33EtlQ. 

•1^17E410 

• 16UC410 

•2C29E410 

•2219L41C 

t?177E4l3 

.27126410 

• 29 56c ♦! 0 

.3a’a^8F413 

•31696410 
•37386410 
. .<0166410 
•^^026410 
•15956410 
•1897641C 
•5205E41C 
32jF4IJ 

• 5811t’4l> 

.61786410 

•65336410 

• 69C9E4K- 

. 73076410 


- •4£Cui'JiAnYE Accug'n^nvE 

1 8IIY5 

CTQ EH3 OF YEA9) CT4«U *1T0<^TF4R) 


.. 475196411 

•1613F412 

e2699Etl^.. ... 

•31206412 

•91376412 

•51536412 

•63626412 

.77376412 

.^3982£4i2 

•1033E413 
• U70£4i3 
•I319E413 
•11766413 
•1613E413 

».1§20E413 

•2037C413 

•22566413 

•21166413 

•26396413 

•?876fc4l3 

f3l26F4U 

•3392E413 

.36716413 

.39736413 

•12896413 

.16256413 

.19506413 

•5357F413 

•3757E413 

•61806413 

•6629E413 


•26306402 

.10116403 

•1932£t03 _ 

•29156403 

•1P1764C3 

•5639E401 

• 78336463 
•1C6564C1 

- *11356401..._ 

• 186S64A.1 
•2120£4ti 
•23166401 
•2175E401 
•26J3F4C1 
.27l5£tCl 
•2913E4C1 
•30756401 
•32556401 
•3513640^ 

.37596401 
.102764^5 
.13286401 
••169564C1 
•513364C1 
• •56616401 
•62596401 
•6691F401 
•7128£401 
•7511E4C1 
.79776401 
.fl111£401 


1CCUnULATIY£._ 

■ retired 

CTHRU ilO-YEARI 

0« 

• 

.^0DQ£4Q1 

.17006402 
•3050E402 
«Bet^ti£402 
•1999E403 
•3677E403 

j6126£tiia 

•9103E403 
•1C22E401 

• U986401 
•1122E401 

•11 3 6 £ 4i/ 1 

• U57£tw1 
•12126401 
•1239E401 
•1316E401 
•11C5E401 
•15o7£4G1 

. ♦1617E404 

• i.77664ui 
•19Vb£4Ql 
•22786401 
•261764^1 

• 30806 4i;5 
. 33326431 
•35Se£4Ul 
•3697E401 
•3616E4C1 
•39576401 



Table 7 


SAtiPLE rRiHTOirr of the fractional market share of cumulative fleet composition and activity projections for a market 


MARK:! • r=oiun 


Te4R 

cmriTHNU 

FliCTIUNU 

FRACTfQNAl 

. . FRACTIQN4L 


“SEAT-«ILeS 

F-JEL-RURNcO 

ROMS 

RORULATIOH 

1975 

.770?r400 

.76656403 

•770264:0 

.66836 4^(f 

1976 

.77C254elf 

.176676400 

•77026430 

•669164UO 

1977 

♦7702E^0- 

.7666E43J 

.77526400 

. 67^1 1 4wCl 

197P 

i7702ciit 

476896t&0 , 

• '^702E4fiO 

•6715£40a 

1979 

•7702S*0C 

•76676400 

•77326400 

.67306400 

198C 

,7702E^00 

.7670E4wO 

•77326430 

•67836400 

198 1 

.77026»00 

.76726430 

•7732E430 

.6758E4U0 

l^nz 

•7702E^OO 

.I7678E40O 

.77326430 

•67656400 

1983 

•77O2E^0O 

.76766 433 

• 77,i2£43f 

•67816400 

1969 

jZroietpQ 

. . •76826tCt 

• 7T02E43#' 

•68Q1E400 

19 8 5' 

.7702EOS 

•7605E400 

•77326400 

•66356400 


• 77C2F4U 

• -7686E4fi3 

•77026400 

•69336430 

1957 

.77C26+00 

••7626L4C0 

.77026400 

• 67776400 

1988 

• 77C2F *00 

.7573E4C6 

•77026400 

•673U6400 

1989 

.T7O2E^O0 

.7519E4D3 

•77526433 

•6682640J 

1990 

•77025*00 

• 7A^6e493 _ 

•7732643; 

^ . .662264^0 

199i 

• 77G2?4i»r 

.73936400 

•77326400 

•6576E400 

1992 

• 7702*^4JD 

.73276435 

•7712640C 

•65226400 

1993 

•77f2E403 

•7258E400 

•77026400 

•686364CO 

1998 

•7702€40w 

.7187E4U3 

.77026430 

•6A12C4C0 

1995 

.77C26400 

.7U5C43> 

• 7702F43f‘ 

•63576400 

1996 

•7702640D 

.7o25E>Ca 

.77O2640f 

•62896400 

1997 

•7702C400 

.69286430 

.77026400 

.62156400 

1998 

.7702E»0O 

.682^6433 

• 77;J264jf; 

•61886400 

1999 

•770?EtOO 

.16712E40J 

.7732640- 

•606664CO 

200L 

.7712:400 

•659iE4?p 

.77026430 

•59886400 

2071 

.77026400 

.6A91E4CO 

.77026400 

.59136400 

2002 

.77Q2E4Q0 

.6392f4w0 

o770264JC 

•585764DO 

2003 

.77C2E4rj 

.63926403 

.77026400 

.58576400 

200A 

.77026400 

•63926433 

.77J2E4)r. 

•5657E400 

200* 

-77026430 

.163926400 

.77326400 

.5857E4CC 



Table 6 

SAKPLE PSlOTOin’ OF TUE TEAELY FLEET COMPOSITION AKD ACTIVITY PEOJECTIOHS FOR A MARKET 


YFAR 

SlAT-lltfS 

1973 

• 1w?95c412 

1976 

•lie0£^12 

J977 

.1230C412 

1978 

•13GAE»17 

1979 

•13P2cil2 

1983 

• 1365c«12 

1981 

•1553-412 

1987 

•1636E«12 

1903 

•17A5E^12 

19&A 

.l85Ct4l2 

1983 

.196 1E^12 

1936 

.2J77E*12 

1997 

,72C3t4l2 

1988 

• 2335E^IE 

1 989 

.2A7!r4l2 

1990 

♦262«t^l2 

1991 

»^78lf4i2 

1997 

•2948c»12 

1993 

•3125£*12 

199^ 

•3312E412 

1995 

.35lie^l2 

i996 

•377?=*12 

199^ 

.39A!£^12 

1^98 

.4182£^12 

1999 

• 443 36412 

2000 

•469ce»12 

7001 

•4931C412 

7CC7 

.52»*Ct»l7 

7003 

•539664:2 

200^ 

.5932£*I2 

2005 

•62h*£412 



HAPKET • WEOTIJH •AMG6 




FUEl8»IRNtO 

RPNS 

ROPUtATinN 

Y R'JYS/TR 

t retired/yr 

. ... 



A? OF J!tO-YE»l» .. 

• LiaSM "lO-TEARI 

(THRU «IDrYtARl 

•8723E400 

• 6;^2164II 

.82776403 

.26306402 

0» 

• 3719c 8 

• 63«3E4U 

•8610F4C3 

.5311640? 

0. 

• 9237c *C 8 

• 676664U 

.93776403 

.62956402 

•6000E401 

•97936408 

.71726411 

•1^COE404 

.73646407 

•21006432 

• IC39E409 

fitpjmi 

.. .J0tni:4n4 


. . «A350S4J2 _ 

• llu 36 ^09 

. 80586411 

•11386404 

•I260=4y3 

•37506432 

•117j£409 

•63426411 

•12136404 

•I564$4C3 

•81906462 

•I247£4C9 

•9u54E4ll 

•1292E404 

•16536403 

•G610E402 

• 1 319£4C9 

.95976411 

•13CC6404 

•196QE4Q3 

•1C916403 

•14C764U9 

•10176417 

•14766404 

•23016403 

•13436403 


. tJJ78gtl? 

.15146404 . . 

.21046403 . 

.lllfcF.431 

• 15 6 j£4D9 

.11436412 

•160C6404 

•16196403 

•759JE4C2 

•16206409 

•17126412 

•17386404 

.821664^2 

• 244g£4(22 

♦ 16666 409 

•12846412 

•18046404 

•7803E4C2 

•137US4J2 

• 17136409 

•13616412 

•18716404 

.58646402 

•2:ecE«02 

•17316409 

.14436412 

•19306404 

.1149^403 

•530CE402 

»l0O3e^C9 _ 

.15328tl7„. 

.,.76056404 ..... 

•icroE^oi 

.26306402 

• 18486 40 9 

.16716412 

•20736404 

.12346401 

•33116402 

• 1997E4C 9 

•17196412 

•214764J4 

• 1331E4(«3 

•02956432 

• 19336409 

•15276412 

•22226404 

.14756403 

•73646402 

•198 j64t9 

•19316412 

.22996404 

.1585E403 

•60SC6432 

•20096409 

.20476412 

•2367E4J4 

•193864C3 

•12306433 

•> 2031 6 40 9 

•22736412 

.24326404 

.22116403 

•15646403 

•2C5464C9 

.21036412 

•25006434 

•2a4i64ri 

•1653E403 

• 2C696 4C 9 

.24336412 

•2366E4u^ 

•26236403 

•19666433 

•20766409 

.23946412 

. 26286404 

•29216403 

•23916403 

• 20936 4C9 

•27396412 

• 27C56404 

• 2 876^ »03 

•21046433 

. 21396409 

• 2904E412' 

• 2501E404 

.27796403 

•18196403 

•2267E4C9 

.3378E41? 

•2969E404 

.25039403 

•62i6c402 

• 2 403c 4C 9 

•32636412 

.31476.34 

.25756403 

•783364^2 

•25476409 

•34586412 

•3336E404 

.27756403 

•8864E402 



illustrated in Table 9. This table is analogous to Table 8, except it 
provides the totals over all markets analyzed. 

Plotted output can also be provided by the Fleet Accounting Module, 
if the user desires. The plotted output is of two basic types. The 
first type provides separate plots of revenue passenger miles flown and 
fuel consumed in barrels versus time for individual aircraft types. These 
plots are illustrated in Figures 12 and 13. The results plotted are those 
provided in the printed output illustrated by Table 3. 

The second type of plotted output is illustrated in Figures 14 and 
15, where revenue passenger miles and fuel consumed in barrels, respectively, 
are plotted versus time in years for each aircraft in all markets. For each 
aircraft type, the curve of RPMs flown or fuel burned versus time is plotted 
relative to that for previous aircraft types plotted. This format for 
presenting results provides for illustration of the relative share of 
RPMs flovm and fuel consumed by various types of aircraft in the markets 
analyzed. 
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Table 9 

SAMPLE PRIKTOUT OF THE TOTAL YEARLY FLEET COMPOSITIOH AND ACTIVITY PROJECTIONS FOR ALL MARKETS 







Y€AR 


-.-1975 
1976 
_ 1^77 
1976 

—1^72 

1930 

— i 2 n ... 

1962 

-^1951 ... 

190^ 

1951 

19S6 

193 7. 

- 1988 

1990 

1991 

19^2 

-1993 ... 
1994 

1996 

1.997 

19'98 
. 1999 

2000 

- 2001 . 

2002 

--2053 

2004 
_ 2C05 


sTAT-MirPS 

CY EAQI 

•I507c4l2 

•1597ctI2 

•I693i^l2 

at95cj?Jl2 

•19C2c^l2 

•2al6'!^l2 . 

•2137E^12 

•2265£^12 

•24Cie^l2 

f2i^3L3l2._ 

•26985*12 

.. t2860e^U 
• 3032E^12 
..32148*12 
.34L68^12 

lAbXn^lZ 

•3827c^I2 
f«t057t^I2 
.^3Cl£^12 
- #^>592412 

•4a32c^l? 

. .. -.1122e^l2. . . . 

•i429;4l2 
#57^56412 
*t 100!4 12 
.64665412 
.6654t4l2 
... ..7266£4:2 ^ 

•77C2E412 
• 8i64t4l2 


niALS FOR ALL MARKETS 


"'FUeLBORNi'o * 
LIfARJ. 

«iJ72EfC9 

•1137E4C9 

.12058409 

.12776409 

.•1355£tL5l... 

.14306409 

• l525EtL9 ^ 
•16186409 

• 1719 64L 9 
•1825E409 

— . .19Uc4a9 .... 
•20;5E409 
.21246409 
.22026409 
•2281E409 
.23516409 

t2439q40^ 

.25226409 

• 2606c 4 u 9 
.26936409 
•27836409 
•26606409 
.2933£tC9 . . 

• 3J 1 Jc 409 
.30836409 
.3150Erj9 
.32376409 
•3346E4C9 
•354764U9 

• 3 76JE41 9 
.39856409 


RRMS 

lT£Ag > .... 

• TIlCEtU 
.82876411 
f8794EtU 
•93116411 

49fl73£tll 

.10456412 

• 1U96412 ... 
aX75£4l2 
•1246Etl2 
•13216412 

.UiDflE4l2 . _ 

•1434E412 

•15736412 

•15676412 
♦17576412 
.19746412 
.. - 1.9866412. _ 

.21356412 

•22316412 

.23656412 

.25376412 

•265UE.12 

.2517E41? 

•29866412 

.31656412 

•3355E412 

•3557E412 

.37706412 

•3996E412 

.42356412 

•4490E412 


PORUlAftn>< 

Hlg ^YHAR 

.12396404 

•13X66404 

4 X 399 E 404 

.14906404 

..15fi?EjLj% 

•16EOE404 
. .1796E404 . 

•1910E40A 

. .2a35£405 
•217r£404 

-^ 2 ai 0 EtO 4 

.24606404 
.25656404 
•266CE4U4 
.2 3CCE4G4 
.29156404 

-•30.49ftOA. 

.31026404 

•3320640^ 

•346564U4 

•36176404 

•37646404 

.3912Et04 

.40706404 

•4229F404 

•4391E404 

.45746404 

.47626404 

• 5Q6964Q4 .. 

.53746404 

.•696F404 


V’Vjvs/yr 

XlillLL-^OrTtABl. 

•26306402 

•7777640? 

.89096402 

.10136403 

— . 1102641,5 

.15916401 
•219464C3 
•2B2064C3 
.36976403 
.41286401 
-^ 2 ^ 2 DE 1 Q 3 . 

•22616401 

.12906403 

•12836403 

•14126403 

.17056403 

.. .X399E401 _ 

. 2107:401 
.22776401 
•245964C3 
•2525:401 
•3060E«03 
. .367964C3 _ . 
.43966401 
.52936411 
.59466401 
.43516403 
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II I AIRFRA^E MANUFACTURER MODULE 

The function of the Airframe Manufacturer Module is to estimate the 
aircraft manufacturing rates of return on Investment. These estimates 
are based on the estimated numbers of aircraft required over time (as 
predicted by the Fleet Accounting Module) and assumed aircraft prices. 

The major components Included In this module are the following; 

* -^edules 

■ S“~ r:!s-.vs. 

Using Che net cash flow, the rates of return’ on Invostnent for Che aircraft 

Mnufacturer are esclmced. Descriptions of the nathooatical modeling 

nethodolog,. program logic, input, and output for the Airframe Manufacturer 
Module follow. 

A. Methodology 

The Fleet Accounting Module determines the demand for new aircraft and 
the Airframe Manufacturer Module estimates the economic viability of pro- 
Ing new aircraft to meet chat demand. Each new aircraft type Is 
completely analyced before analysis of aubse,uent types Is Initiated. Two 
baalc constraints on the Airframe Manufacturer Module are that a new . 
airframe must be produced for at least two years and airframe manufactur- 
ing must be continuous, chat la. production cannot be zero In any 
intermediate year. 
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Production Scheduling 


The methodology begins with an analysis of the demand previously 
generated and develops optimized production, order, and delivery schedules 
to meet that demand. It is assumed that the manufacturer produces aircraft 
at constant integer rates per month and may change the production rate once 
during the entire production period. It is further assumed that the delivery 
schedule is Identical to the production schedule and that the order schedule 
precedes the delivery schedule by 24 months. 

Determination of the production schedule includes determining the two 
constant integer monthly production rates and the breakpoint in the produc- 
tion program when the production rate changes from the first to the second 
rate. To determine these parameters, all possible breakpoints (assumed to 
occur at the beginning of a year) in the demand period are tested. For a 
given breakpoint under consideration a constant integer monthly production 
rate is computed for each of the two production periods defined by the 
breakpoint. These production races are determined by dividing the total 
aircraft demanded in each period by the months of production in the period. 
The month of demand for the last aircraft demanded in a year is assumed to 
be the last month of the year. The best production schedule is that 
which has the smallest maximum deviation between the demand and production 
months for the last aircraft demanded in any year. For the schedule chosen 
as the best, the start of production is then shifted by as much as 6 months 
earlier or later. This shift is chosen to minimize the algebraic sum of 
the deviations between the demand and production months for the last air- 
craft in each year of the production schedule. 
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Cost Determination 

Embedded within the Airframe Manufacturer Module is set of cost 
relationships for estimating research, development, test and evaluation 
(RDT&E) costs, aircraft manufacturing costs, and sustaining engineering costs 
over the life of the production program for a new aircraft. Parameters in • 
the cost estimating relationships include various aircraft structural and 
operating characteristics, complexity factors, and costs. These parameters, 
which arc inputs to the computer program, include: 
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ADI » 
AFSPAO » 
AGEOI - 
AGEPI « 
CFACS - 
CFAERO « 
CFANTC » 
CFAVON - 
CFBODY = 
CFELCD - 
CFEMP - 
CFENAC « 
CFENG » 
CFFUSY » 


Avionics development cost. 

Airframe spares factor in the production phase. 
Operational ground support equipment cost. 

Ground support equipment development cost. 

Complexity factor for air conditioning system. 
Complexity factor for aerodynamic control system. 
Complexity factor for anti~icing system. 

Complexity factor for avionics system. 

Complexity factor fot aircraft fuselage. 

Complexity factor for electrical distribution system. 
Complexity factor for empennage structure. 

Complexity factor for engine accessories. 

Complexity factor for airbreathing engines. 

Complexity factor for the fuel system. 


* 

All weights are in pounds and costs in millions of dollars, unless other- 
wise specified. 
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CFHNDL - 
CFHYCD - 
CFINST - 
CFLG - 
CFNAC - 
CFPACC « 
CFPNDC » 
CFPOW « 
CFTREV = 
CFWING « 
CONFIG « 
CTJI - 
2N 

ENSPAO « 
ENSPAR = 
FACI 
FEE 
FTOI 

FVSPAR « 
GTSPAR * 
lOPS «. 

LEARN = 
LEL:\RNA » 
LEARNP » 
MACH - 


Complexity factor for the loading & handling system 
Complexity factor for the hydraulic system. 
Complexity factor for the instrument system. 
Complexity factor for alighting gear system. 
Complexity factor for engine nacelles. 

Complexity factor for passenger accommodations. 
Complexity factor for pneumatic system. 

Complexity factor for auxiliary power system. 
Complexity factor for thrust reverser. 

Complexity factor for wing structure. 

Complexity factor for airframe engineering. 

Cost per aircraft engine. 

Number of main engines. 

Main engine jpares factor in the production phase. 

Main engine spares factor in the RDT&E phase. 

Production facilities cost. 

Manufacturer fee factor. 

Flight test operation cost. 

Flight test vehicle spares factor. 

Ground test vehicle spares factor. 

Indicator for operational program (1-commercial, 
0=*other) . 

Airframe learning curve factor. 

Avionics learning curve factor. 

Engine learning curve factor. 

Maximum design flight mach number (decimal). 
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NCREW « 
NDATA - 

NFV 

NGV 

NOCON - 
NOCONl - 
NOENG - 
NOENGI ■ 
NOYRS ■ 
NOYRSl =■ 
NV 

PDTJI 

RATE 

RE 

RT 

SUBSYI 

T 


Number In flight crew. 

Number of production levels to be analyzed 
(from 1 to 5) • 

o£ lllsht «st vbhlcleb to be produced. 
Number of ground test vehicles. 

Number of concept formulation contractors. 

Number of contract definition contractors. 

Number of concept formulation engineers. 

Number of contract definition engineers. 

Number of years for concept formulation. 

Number of years for contract definition. 

, Huuber of operationel vebcllee to be produced. 

. Propulsion development cost. 

. MeuiBum vehicle productlou rate, uurter per «>nth 
. EnglneerlnB labor rate, dollara pet hour. 

. ■tooling labor rate, dollars per hour. 

- Subsystem development cost. 

j n p* GP'' 1 pvel in oounds. 

- Thrust per engine at sec ievex j. . 


TOOLC “ Complexity factor for tooling. 

WACS - Air conditioning system weight. 

VJAERO = Aerodynamic control system weight. 

WANTIC - Anti-icing system weight. 

WAVION “ Avionics system weight. 

WBODY “ Fuselage weight. 

. Electric pouer con-version and distribution spste. 
weight. 
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WEMP 


“ Empennage weight. 


WENACC - 

WENGS = 

WFUSYS - 

WFUTOT » 

WGROSS « 

WHANDL « 
WHYCAD - 

WINS! - 
WLG 

WNACEL » 
WPACCO » 
OTNCAD - 


Engine accessories weight. 

Engines total weight. 

Fuel system weight. 

Total fuel weight. 

Aircraft gross takeoff weight. 

Load and handling system weight. 

Hydraulic power conversion and distribution 
system weight. 

Instrument system weight. 

Alighting gear system weight. 

Engine nacelles weight. 

Passenger accommodations weight. 

Pneumatic power and distribution system 
weight. 


WPOWER =• Auxiliary power system weight. 

WTREVS ■ Thrust rever*"er weight. 

WWING ■* Wing weight. 

WPAYL » Maximum payload weight. 

XAVD - Avionics development factor. 

XFASSY »> Final assembly checkout cost factor. 

XNEW ■ Miscellaneous equipment development factor. 

Using the input learning curve factors (LEARN, LEARNA, and LEARN?) , 
the cost methodology accounts for the effects on production costs of 
the production quantiv.y. Letting nveh equal the total number of aircraft 
produced, the production learning curve factors are computed as follows: 
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AIRFRAME PRODUCTION LEARNING CURVE FACTOR (Z) 

Z » NVEH ** ZETA 

ZETA - 1.0 + (LOG (.01 * LEARN) /L0G(2.0)) 

AVIONICS PRODUCTION LEARNING CURVE FACTOR (ZA) 

ZA - NVEH ** ZETAA 

ZETAA - 1.0 + (LOG (.01 * LEARNA)/LOG (2.0)); if LEARNA - 0, 

ZETAA » ZETA 

ENGINE PRODUCTION LEARNING CURVE FACTOR (ZP) 

ZP « NVEH ** ZETAP 

ZETAP - 1.0 + (LOG (.01 * LEARNP)/LOG (2.0)) 

Using these learning curve factors and the input values of the 
cost equation parameters, RDT&E, aircraft manufacturing, and sustaining 
production costs components (In millions of dollars) are computed using 
the following set of equations: 

Airframe Manufacturer Cost Equations 
RESEARCH, DEVELOPMENT, TEST AND EVALUATION COSTS 
(RDTE - ADDE + SUBSYS + AD + PDTJ + DS) 

• AIRFRAME DESIGN AlH) ENGINEERING DEVELOPMENT (ADDE - CF + CD + DDEL) 
CONCEPT FORMULATION (CF) 

CF - 35000. * NOENG * NOYRS * KOCON * l.E - 06 
CONTRACT DEFINITION (CD) 

CD - 35000. * NOENGl * NOYRSl * NOCONl * l.E -.06 
AIRFRAME ENGINEERING LABOR (DDEL) 

DDEL » 207. * WA ** .931 * R£ *1.0E * CONFIG, for subsonic pro- 

duction aircraft 

« RE * 3145. * WA ** 0.5825 * l.OE -06 ^ CONFIG, for subsonic 

prototype aircraft 



- RE * 348. * WA ** 0.931 * l.OE -06 * CONFIG, for supersonic 

production aircraft 

where 

WA a WE - WENGS - WELCAD - WAVIOT - WACS - WPOWER 
WE » WGROSS - WPAYL - WFUTOT 
WAVIOT = WAVION + WJ.NST 

• SUBSYSTEMS DEVELOPMENT (SUBSYS) 

SUBSYS - SUBSYI, IF SUBSYl ^0 

- 0.35 * (WACS + WINST * .05 + WPOWER + WELCAD + WAERO + 

WHYCAD + WPNCAD + WENACC + WFUSYS + WPPROV) * XNEW 
if SUBSYI - 0 

where 

WPPROV a NCREW * 500. - 500. 

• AVIONICS DEVELOPMENT (AD) 

AD =• ADI, if ADI / 0.1 

(5.3 * (WAVION * 0.75) ** .439 + 2.19 * (0.25 + WAVION) ** 

.439 + 0.55 * (0.50 * WINST) ** .439) * XAVD, otherwise 

• PPOPULSION DEVELOPMENT (PDTJ) 

PDTJ « PDTJI, if PDTJI / 0.1 

■ 29.5 * (T/1000.) ** .55 * MACH ** .62 j(NVHF) * EN * 

(1. + ENSPAR + ENSPAO)] ** 0.1, otherwise 
where 

NVHF =• NV + NFV 

• DEVELOPMENT SUPPORT (DS •• GRV + GTS + FTS + TST + FTO + AGEP + TDP) 

GROUND TEST VEHICLES (GTV) 

GTV a amFG (for first unit) * NC 
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GROUND TEST SPARES (GTS) 

GTS =» GRV * GTSPAR 
FLIGHT TEST SPARES (FTS) 

FTS « FV * FVSPAR 

TOOLING AND SPECIAL TEST EQUIPMENT (TST) 

TST - RT * .0267 * WA ** ,99 VMAX ** 1.21 * RATE ** .4 * NFV ** 
.14 * TOOLC * l.E - 06, for production aircraft 
• RT * 6.19 * WA ** 1.062 * TOOLC * l.OE - 06, for prototype 
aircraft or if IPROP •• C 
where 

VMAX =• 660.0 * MACH* 

RATE “ maximum monthly aircraft production rate 
FLIGHT TEST OPERATIONS (FTO) 

FTO = FTOI, if FTOI i .1 

« .90 * NFV ** 1.1 * VMAX ** .9 * l.E - u wr"''SS ** .8, 
otherwise 

GROUND SUPPORT EQUIPMENT (AGEP) 

AGEP - AGKPI, if AGEPI -0.1 

» .15 * FV + .05 * ADDE, otherwise 
TECHNICAL DATA (TDP) 

TDP - .02 * FV 


where 


FLIGHT TEST VEHICLES ((FV - 
FLT. TEST AIRFRAME (CAFFV) 


CAFFC + CAVFV + CPFV) * (1.0 + 

XFASSY)) 


CAr'fV - AMFG (for 1st unit) * NFV ** ZETA 
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FLT. TEST VEH. AVIONICS (CAVFV) 


CAVFV = CAVION (for 1st unit) * NFV ** ZETAA 
FLT. TEST PROPULSION SYSTEJI (CPFV) 

CPFV = PROPU (for 1st unit) * NFV ** ZETAP 

• RDT&E FEE (RDFEE) 

RDFEE » RDTE * FEE 

AIRCRAFT MANUFACTURING COSTS (OV » AMFG + CAVION + . •?CP’J CFASSY) 

• AIRFRAME STRUCTURE (AMFG « CWING +• CEMP + CBODY + CLG + CNACEL + CAERO 

+ CHYCAl' _ CELCAD + CPNCAD + CACS + CANTIC 
+ CPOWER + CP AC CO + CHANDL) 

WING (CWING) 

CWING = .036 * WWING ** .451 * Z * CFWING 
EMPENNAGE (CEMP) 

CEMP => .01023 * WEMP ** .451 * Z * CFEMP 
BODY (CBODY) 

CBODY = .0561 * WBODY ** .451 * Z * CFBODY 
L\NDING GEAR (CLG) 

CLG » .01043 * WLG ** .541 * Z * CFLG 
NACELLES GROUP (CNaCEL) 

CNACEL = .0561 * WNACEL ** .451 * Z * CFNAC 
AERODYNAMIC CONTROLS (CAERO) 

CAERO » .004 * WAERO * Z * CFAERO 
HYDRAULICS (CHYCAD) 

CHYCAD - .00197 * WHYCAD ** 0.766 * Z * CFHYCD 
ELECTRICAL SYSTEMS (CELCAD) 

CELCAD - .00197 * WELCAD ** 0.766 * Z * CFELCD 



PNEUMATIC (CPNCAD) 

CPNCAD = .0002 * OTNCAD * Z * CFPNCD 
AIR CONDITIONING SYSTEM (CACS) 

CACS - .00643 * MACS ** 0,5065 * Z * CFACS 
ANTI-ICING (CANTIC) 

CANTIC » .00023 * WANTIC * Z * CFANTC 
AUXILIARY POWER SOURCE (CPOWER) 

CPOWER » .000243 * OTOWER * Z * CFPOW 
PASSENGER ACCOMMODATIONS (CPACCO) 

CPACCO » .000115 * IJPACCO * Z * CFPACC 
LOADING .AND HANDLING (CHANDL) 

CHANDL » (WHANDL/WBODY) * CBODY * CFHNDL 
• AVIONICS SYSTEM (CAVION = CINST + CAVONT) 

INSTRUMENTATION (CINST - CINSTE + CINSTI) 

EQUIPMENT (CINSTE) 

CINSTE = .00193 * (WINST/2.0) * ZA * CFINST 
INSTALLATION (CINSTI) 

CINSTI -.000154 * (WINST/2.0) * ZA * CFINST 
AVIONICS (CAVONT - CAVONE + CAVONI) 

EQUIPMENT (CAVONE) 

CAVONE » .00193 * (WAVION/2.0) * ZA * CF.AVON 
INSTALLATION (CAVONI) 

CAVO.NI - .. 50154 * (WAVION/2.0) * ZA * CFAVON 
• PROPULSION SYSTEM (PROPU - (CENGS + CTREVS CEUSYS + CENACC 
ENGINES (CENGS) 

CENGS - CTJ* EN 
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CTJ - CTJI, if CTJl ^ 1 

«• .00277 * T ** 0.60 * ZP * CFENG, otherwise 
THRUST REVERSER (CTREVS) 

CTREVS » .0028 * WTREVS ** 0.766 * ZP * CFTREV 
FUEL SYSTEM (CFUSYS) 

CFUSYS - .0000619 * WFUSYS * ZP * CFFUSY 
ENGINE ACCESSORIES ( CENACC) 

CENACC “ .0003 * TONACC * ZP * CFENAC 

• FINAL ASSEJIBLY AND CHECKOUT (CFASSY) 

CFASSY ■ XFASSY * (AMFG + CAVION + PROP'J) 

• MANUFx\CTURING FEE (MFEE) 

MFEE - OV * FEE 

SUSTAINING PRODUCTION COSTS (SC = OS + FAC + SE + ST + AGEO + TDO + ^EQ + 
OT + IT + TRI) 

• Ol'EPxATIONAL SPARES (OS » OSA + OSP) , if TOPS - 1, OS - 0 

PRODUCTION AIRFRAIE SPARES (OSA) 

OSA + AFSPAO * (AMFG + CAVION) 

PRODUCTION ENGINE SPARES (OSP) 

OSP - PROPU (for 1st unit) ((NVHF * (1.0 + ENSPAO)) ** 

ZETAP - NVHF * ZETAP) 

• FACILITIES (FAC) 

FAC - FACI 

«• SUSTAINING ENGINEERING (SE) 

SE - .10 * OV, if lOPS - 1 

- ADDE * (NVHF ** 2.0 - 1.0), if lOPS 1 


64 



. 1 


I 


I 


> 






« SUSTAINING TOOLING (ST) 

ST - TST * NVHF ** .14 - 1.) 

• OPERATIONAL GROUND SUPPORT EQUIPMENT (AGEO) 

AGEO • AGEOI, if AGEOI O.IO 
AGEO ■ .15 * OV, otherwise 

• PRODUCTION AIRCRAFT TECHNICAL DATA (TDO) 

TDO - .02 * OV 

• MISCELLANEOUS EQUIPMENT (.'$Q) ; if lOPS - 1, I'EQ - 0 

>EQ - 500. * NPL * 4. * l.OE - 06 
NPL- NCREW * NVHF * 2.0 

• OP ;R.\TI0NAL TRAINING EQUIP.'ENT (OT) ; if lOPS - 1, OT =• 0 

OT - 1.442 E - 01 * OV * NVHF (-0.4525) 

• INITIAL FLIGHT CREW TRAINING (IT); if lOPS - 1, IT =« 0 

IT - .05 * NPL 

• INITIiU, TRANSPORTATION ( TRI) 

TRI - .005 * (OV + OS + >EQ 4- OT + AGEO) 

• SUSTAINING COST FEE (SFEE) 

SFEE “SC * FEE 

Aircraft Price Determination 

A methodology for estimating aircraft selling price is embedded within 
the Airframe Manufacture Module. Subroutine ACPRICE, 'hich contains the 
logic for this methodology, is called upon to estimate aircraft selling 
price and print results. However, at the present time the computed selling 
price estimate is no^ used in subsequent analysis of oish flows. Instead, 
a base selling price estimate is read from the input stream along with a 
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price increment* This input base price and thirteen successive upward in- 
crements of the base price are used In subsequent calculations. 

The aircraft price estimating relationships depend upon several input 
parameters* These include; 

API ■ Average annual increase in the national price 
cost index (decimal)* 

EN • Number of main engines* 

HP ■ Engine design shaft horsepower (for non-jets)* 

lAIRPL » An indicator for aircraft type (1 for conventional jet 
transports, 2 for small jet transports, 3 for wide-body 
jet transports, 4 for turboprop transports, 5 for 
general aviation types, 6 for supersonic transports) , 

lENGS - An indicator for engine type (1 for turbojet and turbo- 
fan, 2 for turboprop, 3 for reciprocating, 4 for air- 
breathing), 

PN • Total passenger capacity* 

T « Thrust per engine, pounds (for jets). 

WE * Aircraft empty weight, pounds, 

WENGS ■ Engines total weight, pounds. 

YEAR « Year of introduction into service. 

Using the values for these parameters, the following equations com- 
prise the price estimation methodology, where all compute<i prices are in 
millions of dollars and C « 10*^ : 



Aircraft Pricing Equations 
• ESTIMATED AIRFRAIIE DEVELOPMENT COST (EDEVC) 

EDEVA - 128.9 ** (0.1097 * (YE.VR - 1940.)) * UT * C 
o ESTIM\TED AIRPLANE UNIT PRODUCTION COST (EUPROC) 

EUPROC - 7,8 (0.068 ★ (YEAR - 1940.)) * WE ^ C 
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• ESTIMATED MARI:ETPLACE PRICE (.EPRICE) 

CONVENTIONAL JET TRANSPORTS (lAIRPL -1): 

EPRICE ■ 0.04867 * PN (1.0 + API) ** (YEAR - 1975.) 

SMALL JET TRANSPORTS (lAIRPL ■ 2): 

EPRICE ■ 0.5 + 0.0305 * PN * (1.0 + API) ** (YEAR - 1975.) 

WIDE-BODY JET TRANSPORTS (lAIRPL - 3): 

EPRICE - 1.0 + 0.05935 * PN * (1.0 + API) ** (YEAR - 1975.) 

• ESTIMATED AIRPLA.NE PRICE BY SE.AT COST (ESEPRI) 

FOR .ALL AIRCRAFT AND ENGINE TYPES: 

ESEPRI (1) ■ 3100.0 * PN ** (0.0641 * (YEAR - 1930.)) * C 
FOR ALL AIRCRAFT A.ND ENGINE TYPES E.XCEPT lAIRPL - 3 or lE.NCS - 1: 
ESEPRI (2) ■ 4000.0 * PN ** (0.0652 * (YEAR - 1930.)) * C 
FOR lAIRPL - 3 .AND lENGS ^ 1: 

ESEPRI (3) - 20500. * PN ** (0.0350 * (YEAR - 1950.)) * C 

• ESTIMATED ENGINE PRICE (EENGPR) 

TURBOJET .AND TURBOF.AN (lENGS - 1): 

EENGPR - 111.114 * EN * T ** 0.362 * (1.0 + .API) ** (YEAR - 1975.) * C 
TURBOPROP (lENGS - 2): 

EENGPR - 173.075 * EN * HP ** 0.92S3 * (1.0 + API) ** (YE.AR-i975, ) * C 
RECIPROCATING (lENGS - 3): 

EENGPR - 4.693 * EN * HP ** 1.3917 * (1.0 + xVPI) ** (YE.AR - 1975.) * c 

• AIRF1;AME WEIGHT (WAIRFR) 

WAIRFR - WE - WENGS 
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• ESTII-IATED AIRFRAME PRICE (EAIQFP) 

CONVENTIONAL JET TRANSPORTS (lAIRPL ■ 1): 

EAIQFP ■ 1663.07 * WAIRFR ** 0.7300 * (1.0 + API) ** (YEAR - 1975.) * C 
SMALL JET TRANSPORTS (lAIRPL « 2): 

EAIRFP • 400.40 * WAIRFR ** 0.8936 * (1.0 + API) ** (YEAR — 1975.) * C 
WIDE-BODY JET TRANSPORTS (lAIRPL - 3): 

EAIQFP • 3603.35 * WAIRFR ** 0.69823 * (1.0 + API) ** (YEAR - 1975.) * C 
TURBOPROP TRANSPORTS (lAIRPL » 4): 

EAIRFP “ 1878.04 * WAIRFR ** 0.65989 * (1.0 + API)** (YEAR — 1975.) * c 
GENERAL AVIATION TYPES (lAIRPL - 5) ; 

EAIRFP ■ .003408 * WAIRFR ** 2.1938 * (1.0 + API) ** (YEAR - 1975.) * C 
SUPERSONIC TRANSPORTS (lAIRPL -6): 

EAIRFP •• 176890. * WAIRFR ** 0.4506 * (1.0 + API) ** (YEAR - 1975.) * C 
• ESTIMATED AIRPLANE PRICE (EAIRPR) 

EAIRPR - EAIRFP + EENGPR 

Cash Flow DeCerainatlcn 

A decermlnaclon of astlmaced tnanufacturer cash flow over uhe period 
of production is made by the following procedure. Research, development, 
test a id evaluation costs are spread over the period of production by 
component. Airframe design and engineering costs, subsystems development 
costs, and avionics development costs are distributed uniformly over the 
42 month period ending with the month production start.^. Propulsion develop- 
ment costs are distributed evenly over the 52 month period ending with the 
month production starts. Development support costs are distributed evenly 
over the 42 month period ending the twelfth month after start of production. 
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Aircraft production costs are uniformly spread over the production 
month and the eleven preceding months for each unit to be produced. Revenue 
(income) based on the estimated aircraft selling price is distributed as 
5 percent on order » 70 percent on delivery, and 25 percent evenly spread 
over the months between order and delivery for each unit produced. Finally, 
revenue minus the sum of the cost factors is calculated both for each month 
individually and cumulatively by month. 

Internal Rate of Return on Investment 

The final calculation step in the methodology of the Airframe Manu- 
facturer Module is to employ an iterative technique to calculate the 
internal rate of return for each estimated cash flow generated. The 
internal rate of return (or marginal efficiency of investment) is that 
rate of interest or return which would render the discounted present value 
of its expected future marginal yields (income) exactly equal to the invest- 
ment cost of the project. 

Since both the investment costs and the income are spread over time, 
the internal rate of return sought is that which reduces the summed present 
value of the cash flow stream over time to zero. The cash flow stream sura 
can be represented as: 

“■(is) (9) 

where R «■ internal rate of return 
CF^ ■ net cash flow in year i. 
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The iterative procedure estimates values for R, calculates the SUM described 
above using the cash flow figures previously generated, performs tests to 
determine if SUM is getting closer to zero, then successively chooses new 
values for R in attempting to obtain a value for SUM closer to zero* 

The methodology described above produces output lists and tables that 
summarize the calculations being performed* Outputs include time history 
of demand for each aircraft type, breakpoints of production periods and 
startup times, component and cumulative cost tables, tables of costs versus 
aircraft quantity, estimated price data, iteration results (every tenth 
cycle) from rate of return calculations and final rate of return value, and ^ 
tables showing cost, income and cash flow by year and month within year (both 
for individual months and for cumulative monthly figures) • 

In the remainder of this chapter, detailed descriptions of the program 
logic, input, and output for the Airframe Manufacturer Module are provided. 

B* Program Logic 

Figure 16 illustrates the interrelationships among the routines which 
make up the Airframe Manufacturer Module program* Subroutine INPLANT acts 
as the interface between the main program BET and the rest of the sub- 
routines comprising the Airframe Manufacturer Module* INPLANT then acts 
as a driver for the rest of the subroutines in the module. Brief descrip- 
tions of each subroutine in the Airframe Manufacturer Module, together vrith 
flowcharts of the program logic follow: 

INPLANT 

Subroutine INPLANT serves as the driver for the Airframe Manufacturer 
Module. A flowchart of the program logic for INPLA:;t is shown in Figure 17. 
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Figure 16 Progran Structure of the Airframe Manufacturer Module 
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riovch*rt of Subroutine INPI.VNT Logic 
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Figure 17 (Concluded) 
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Each time the main program BET calls lOTLANT, the demand for each type of 
new aircraft is analyzed • The beginning and end dates of demand for each 
type are determined. INPLANT then calls subroutines PLANT, ACCOST, and 
ACPRICE to compute order, production and delivery schedules; compute manu- 
facturing -osts; and estimate market prices. Then, INPLANT calls subroutines 
CASHFLW and INTROR to compute the manufacturer's cash flow and 
rate of return on investment for the base estimated market price and 13 
additional incremental price figures. INPLANT prints the demand history 
by year and the calculated values of price and rate of return for each new 
aircraft type. 

PLANT 

Subroutine PLANT determines a production schedule that best meets 
demand for a new aircraft type, as determined by BET. A flowchart of the 
program logic for PLANT is provided in Figure 18. The algorithm assumes 
that the manufacturer must produce aircraft at constant integer monthly 
rates and may change rates once during the production program. To find 
the breakpoint in the production program, i.e., the time the manufacturer 
changes production rates, each possible breakpoint in the demand period 
is examined. The possible breakpoints are assumed to occur at the beginning 
of a year. A breakpoint divides Che production program into two periods. 

The production rate during a period is computed by dividing the number of 
aircraft demanded during the period by the number of months in the period. 

For each possible breakpoint, the largest year-end deviation between 
total aircraft produced and total aircraft demanded is computed. The 
breakpoint with the smallest such deviation is taken as the best. The 
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Figure 18 Flowchart of Subroutine PLANT Logic 
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final production schedule is determined by shifting the start of produc'^ion 
by as much as six months. The shift is computed to minimize the 
magnitude of the algebraic sum of the year-end deviations between 
cumulative aircraft demand and production. This shif^ed production program 
is used to generate a production schedule, that is, a month of production 
for each aircraft demanded. In addition, an order and delivery schedule 
are generated. The month of delivery for an aircraft is assumed to coincide 
with the month of production, the month of order is assumed to precede 
production by 24 months. 

The printed output of this subroutine include the demands and produc- 
tion rates for each possible breakpoint and the start of production for the 
best schedule. 

Ai JST 

:ubroutine ACCOST consists of a set of equations that estimate RDT&E 
a -ufacturing costs for each specific aircraft type. The program 

basically encodes the set of cost equations previously described in this 
chapter. The manufacturing costs are adjusted to take into considerati n 
cost reductions associated with increased learning or familiarity with the 
production of a particular aircraft type. The cost formulae are based on 
aircraft characteristics (primarily system weights) and correlations with 
historical cost data. 

♦ 

A flowchart of the subroutine ACCOST logic is shown in Figure 19. The 
input data is read via NAFIELIST statements. Many of the input parameters 
are initialized to a default value before the data is read. Thus, if such 
parameters arc not specified in the input data, the default values will hold. 
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/subroutine \ 

\ ACCOST / 


INITIALIZE 

PARAMETERS 


READ AND 
PRINT INPUT 
DATA 


for EACH OF UP TO 5 I 
COMPUTE A BREAKDOra 0 
PRINT ON FIRST CALL T 

NPUT PRODUCTION LEI'EL.', 
F MANUFACTLT.IMG COSTS. 

0 SUBROUTINE COSTPR. 



1 


TOMPUTE RDT&E AND PRODUCTION COSTS FOR THE 
NUMIZR of aircraft DEMANDED PLUS TEST 
VEHICLES. 


CALL COSTPi; 


PRINT COMPUTED COSTS 


CONSIDER THE FIRST OF 33 PRESET 
aircraft PRODUCTION LEVELS. 



Figure 19 Flowchart of Subroutine ACCOST Logic 
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COMPUTE AVERAGE AIRFRAME, PROPULSION, AVIONICS, AND UNIT 
MANUFACTURING COSTS; AND CUMUUTIVE MANUFACTURING, RDTSE, 
AND SUSTAINING COSTS; AND TOTAL AVERAGE UNIT COST. 











The ACCOST program next computes and prints a breakdown of manufac- 
turing costs for up to five user-specified production levels. This cost 
analysis provides Information on the effect of the learning curve of 
production costs on a component by component basis. 

The ACCOST program next does a cost analysis for the number of aircraft 
demanded plus the number of test vehicles as specified by the user. A break- 
down of RDTiE and production cost for this case are computed and printed. 

The ACCOST program next analyzes costs associated with an array of 33 
potential production levels. These levels, which are set in the ACCOST code 
are: I, 2, 3, A, 5, 6. 7. 8. 9, 10, 20, 30, 40. 50, 60. 70, 30. 90, 100, 200. 
300. 400, 500, 600, 700, 80P, 900, 1,000, 1.200, 1.400. 1.600. 1.800, and 
2.000. For each of these production levels, average unit manufacturing costs 
are computed for the airframe, propulsion, and avionics systems. In 

addition. RDT&E and sustaining costs are computed; and total average unit 
cose is conjputed. 


Subroutine COSTPR is called upon by ACCOST to print the computed costs 
for the various cases, 

COSTPR 

Subroutine COSTPR is called by ACCOST to print each set of computed cost 
figures. The flow of the program logic for COSTPR is shown in Figure 20. 

The first tine COSTPR is called during the execution of ACCOST, a title 
describing the aircraft type being analyzed Is read and printed. Then, the 
breakdown of component manufacturing costs for the five input levels of pro- 
duction are printed as well as the cost results for the number of aircraft 
demanded. 
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On the second call to COSTPR, the table for printing the cost versus 
quantity results is set up, and the results for the first of the 33 preset 
production levels is printed. Each subsequent call to COSTPR prints the 
cost data for one of the rcaalnlng 33 produttion levels. 

ACPRICE 

A flowchart for subroutine ACPRICE is shown in Figure 21. This routine 
incorporates the aircraft price determination equations described in Section 
II. B. The computed aircraft price is based upon the user input values of 
the following parameters: average national price/cost index, airplane 

type, aircraft empty weight, total passenger capacity, type of engines, 
number of main engines, engine design shaft horsepower, thrust per engine, 
total weight of engines, and year of introduction into service. 

As previously mentioned, the aircraft price computed by ACPRICE is not 
used in the subsequent cash flow analysis. It is overridden by input of an 
aircraft; price in subroutine lOTLANT. 

CAfHFLW 

Subroutine CASHFLW is called by INPLANT to estimate the net monthly 
cash flow that the manufacturer can expect to receive from manufacturing 
aircraft. A flowchart of the program logic for CASHIXW is shown in Figure 22. 
Each "ime CASHFLW is called by the driver program INPLANT, costs and 
revenues are spread over the months of production, and the difference 
between them calculated. CASHFLW calls three subroutines to spread 
the cost and revenue data: RDTE (RDT&E cost factors), COMPCOS (production 

cost factors) and REVEIOJE (revenue). 
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Figure 21 Flowchart of Subroutine ACPRICE Logic 
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Figure 22 Flowchart of Subroutine CASKFLW Logic 
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RDTE 


A flowchart of subroutine RDTE logic is shown in Figure 23. This 
routine is called CASHFLW to distribute five RDT&E cost couponents over 
designated tine periods. Airframe design and engineering costs, subsystem 
development costs, and avionics development costs are distributed uniformly 
over the 42 month period ending with the month production starts. Propul- 
sion development costs are distributed evenly over the 52 month period 
ending with the month production starts. Development support costs are 
distributed evenly over the 42 month period ending the twelfth month after 
start of production. 

REVENUE 

Subroutine REVENUE is called by CASHFLW to compute revenue" (income) 
flows over time (individually and cumulatively by month) for aircraft to 
be produced. A flowchart of the program logic for REVENUE is shown in 
Figure 24. Revenue is generated by payments of 5 percent of market price 

on order, 70 percent on delivery, and 25 percent evenly spread in months 
between order and delivery. 

COMPOS 

The logical flow of subroutine COMPOS is shown in Figure 25. This 
routine is called by CASHFLW to allocate aircraft manufacturing costs and 
sustaining production costs over time for all aircraft produced. Each 
of the cost components are allocated uniformly over a twelve month period 
ending on the month of production for the unit. Seven of the sustaining 
production cost components are taken to be equal for each unit produced, i.e.. 
the cost per unit is computed by dividing total component cost by the number of 
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Figure 23 Flowchart of Subroutine RDTE Logic 
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Figure 24 Flowchart of Subroutine REVENUE Logic 







Figure 25 Flowchart of Subroutine COMCOS Logic 
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units produced. These costs are facilities, operational ground support 
equipocnt, production aircraft technical data, miscellaneous equipment, 
operational training equipment. Initial flight crew training, and initial 
transportation. The remaining three sustaining production cost components 
(i.e., operational spares, sustaining engineering, and sustaining tooling), 
as well as aircraft manufacturing costs, are computed on a unit to unit 
basis depending on the current position on the learning curve. 

INTROR 

Subroutine INTROR is called by INPLANT to compute and print the internal 
rate of return; and to print tables of cost components (RDT&E and production). 
Income, and cash flow for each month within the years 1975 - 2005. If the 
user specifies that these tables are to be printed, individual monthly figures 
and accumulated figures by month are printed. The subroutine INRR is called 
to calculate the internal return on investmivat based on the income and cost 
figures. A flowchart of the program logic for INTROR is shown in Figure 26. 

INRR 

Subroutine INRR is called by INTCOR to compute and print the internal 
rate of return corresponding to the cash flow generated by subroutine CASHFLW. 
A flowchart of the program logic for INRR is show in Figure 27. 

The iterative procedure utilires a current experimental rate of return 
(R) and its two Iterative predecessors (RR and RRR) . Also utilized is the 
sum of the discounted cash flow (S12I) which is biased by -0.009 to 

obtain K and its two iterative predecessor biased sums (KIC and KKK) for test 
purposes. The procedure is initialized by selecting a small initial value 
for R (+1.E-32 or -l.E-32, depending on whether the ffnal sum of the cash 
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Figure 27 Flowchart of Subroutine INRR Logic 
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flow Is positive or negative respectively). An incremental change value 
for rate of return used during iteration is DELTAR (-0.001). 

The iterative portion of the procedure uses the current value of R 
and generates the sub of the discounted present value of the cash flow under 
exaalnation (SUM). The biased sum (K-ABS(SUM)-0.009) is also calculated. 

If KKK-K, the iteration procedure is completed and a final test is oede to 
select the appropriate value for R (if KX is greater than KKK, R is set 
equal to RRR; and if KK-KKK, R is set equal to RR). If KKK is not equal to 
K, the iteration procedure continues by scoring the past n;o values of R 
and K (into RR and RRR, and KK and KKK, respectively) . If the current value 
of K is less than or equal to lE-32, or if SUM-0, the procedure also tcnal- 
nates. Otherwise the value for R is increased or decreased by DELTAR 
(-0.001) depending on whether the discounted cash flow sun (SL-M) is positive 
or negative, respectively , The iteration procedure then continues as 
described previously until one of the three termination conditions is 
met. At termination, both the values of the internal rate of return (R) 

and Che biased sum of the discounted present value of the cash flow (K) 
are printed^ 

Additional progranmer-oriented documentation is provided in the 
appendices* In Appendix A, definitions of the common blocks and variables 

arc provided. A listing of the FORTR^'vN code for the routines is provided 
in Appendix D. 
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The input data to the Airframe Manufacturer Module is £n card 
fonaat and is read from logical units 4 and 8* The input files are 
originally read from input (unit 5) by Subroutine UNIT04 as called by 
BET. They arc the first two data files in the input data Subroutine 
UNIT04 writes the input file to units 4 and 8 from which they arc read 
by the Airfratise Manufacturer Module. 

The input file is described in Table 10/ where a description of each 

entry in this file is provided. Cards 1, 2, and 5 are input using the 

* 

FORTRAN Nax^elist modev which allows the input of constant values for all 
or only some of the variables specified by the named list. Variables and 
their values can appear in the input stream in any order in the form **NAME - 
VALUE,** where NAME can be a variable name, an array name, or an array 
element name, and where VALUE can be a single constant or a list of con- 
stants when NAME is an array name or an array element name. Only columns 
2 through 80 of the input cards maybe used (colunr 1 must be blank). The 
input list begins with **$N/iMELIST** followed by at least one blank character, 
followed by the desired list of input variables (NAlffi - VALUE,), and ter- 
minated by a **$**. This format allows the selective changing of some (or 
all) of the input parameters, without specifying values for all the input 
variables as is the case with fixed format inputs. 

Cards 1, 2, and 5 contain input for namelists INPUTl, INPUT2, and IN, 
respectively. Table 10 contains the default values for the various parameters 

A 

The FORTRA^i Namelist mode is a nonstandard FORTRAN feature available 
at most computer installations. However, exact input details may vary 
among installations, so appropriate reference manuals should be consulted. 



which are oasuBed when chc user does not specify a paraoeter value. These 
default values have been Initialized in the program using data statements. 

Cards 1 and 2 are read in by subroutine ACCOST, while card 3 is read 
by subroutine COSTPR. Cards 4, 5, and 6 arc read by subroutine ACPRICE. 
The data on these six cards reside on logical unit 4. Card 8 is read by 
subroutine ZNPLAMT and resides on logical unit 8. 
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Tabic 10 


CARD INPUT DATA FOR THE AIRFPJ^ MANUFACTURER MODULE 
Dafault 

Card ValuQ Parax^ter Forriat 


l" 

4.0 

EN 

Real 

I 

0.80 

MACa 

Real 

1 

1.0 

PN 

Real 

1 

None 

T 

Real 

1 

0.0 

WAGS 

Real 

1 

0.0 

WAERO 

Real 

1 

0.0 

WAtfTIC 

Real 

1 

0.0 

WAVION 

Real 

1 

0.0 

WBODY 

Real 

1 

0.0 

WELCAD 

Real 

1 

0.0 

WEMP 

Real 

1 

0.0 

WENACC 

Real 

1 

0.0 

VENC3 

Real 

1 

0.0 

WFUSY3 

Real 

1 

0.0 

WFUTOT 

Real 

1 

0.0 

WCROSS 

Real 

1 

0.0 

WHANDL 

Real 

1 

0.0 

WHYCAD 

Real 

1 

0.0 

WINST 

Real 

1 

0.0 

WLG 

Real 

1 

0.0 

WLGCON 

Real 

1 

0.0 

VLGSTR 

Real 

1 

0.0 

WLGTRS 

Real 

1 

0.0 

WLGVmL 

Real 

1 

0.0 

WACEL 

Real 

1 

0.0 

WPACCO 

Real 

1 

0.0 

WPNCAD 

Real 


DcccrjLptlon 

Nucbcr of eatn cnslncs, 

Maxlcua design flight taach nucber 
(declaal)* 

Not ust»d« 

Thrust per engine at sea level 
In pounds. 

Air conditioning system weight. 

Aerodynamic control system weight. 

Anti-icing system weight. 

Avionics system weight. 

Fuselage weight. 

Electric power conversion and 
distribution system weight. 

Empennage weight. 

Engine accessories weight. 

Engines total weight. 

Fuel system weight. 

Total fuel weight. 

Aircraft gross takeoff weight. 

Lead and handling system weight. 

Hydraulic power :onver 9 ion and 
dificribution system weight. 

Instrument system weight. 

Alighting gear system weight. 

Alighting gear controls weight. 

Alighting gear structure weight. 

Weight of tires. 

Wheelo and brake weight. 

Engine nacelles weight. 

Passenger accotrsnodatlons weight. 

Pneumatic power and distribution 
system weight. 
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Card 


Table 10 (Continued) 

Default 

Value Paracator Fonaat 


Description 


1 

0.0 

WPOWSR 

Real 

Auxiliary power syitcm weight. 

1 

0.0 

WTREVS 

Real 

Thrust reverser weight. 

1 

0.0 

WWINC 

Real 

Wing weight. 

1 

0.0 

WPAYL 

Real 

MaxicuQ payload weight. 

1 

0 

IWLG 

Integer 

Indicator for landing gear 
component breakdown. 





(If set m 1» then WLG is computed 
as the sum of WXCSTR, WLCCON, 
WLGVHL, and WLCTRS.) 

.5 

0.10 

ADI 

Real 

Avionics development cost (omit 
if this cost to be computed). 

2 

0.10 

AGEOI 

Real 

Operational ground support 
equipment cost (omit if this cost 
to be computed). 

2 

0.10 

AGEPI 

Real 

Ground support equipment development 
cost (omit if this cost to be 
computed) . 


1.0 

CFACS 

Real 

Complexity factor for air 
conditioning system. 

2 

1.0 

CFAERO 

Real 

Complexity factor for aerodynamic 
control system. 

2 

1.0 

CFANTC 

Real 

Complexity factor for anti-icing 
system. 

2 

1.0 

CFAVON 

Real 

Complexity factor for avionics 
system. 


1.0 

CFBODY 

Real 

Complexity factor for aircraft 
fuselage. 

2 

1.0 

CFELCD 

Real 

Complexity factor for electrical 
distribution system. 

2 

1.0 

CFEMP 

Real 

Complexity factor for empennage 
structure. 

2 

1.0 

CFEKAC 

Real 

Complexity fa«:tor for engine 
accessories. 


1.0 

CFEKC 

Real 

Complexity factor for slrbrcathing 
engines . 

2 

1.0 

CFFUSY 

Real 

Complexity factor for the fuel 
system. 

2 

1.0 

cnurot 

Real 

Complexity factor for the loadings 
and handling system. 
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Table 10 (Concinued) 


Defaulc 


Value 

Paranotcr 

Fonssat 

Description 

1,0 

cmcD 

R^al 

Cooplcxlty factor for the hydraulic 
ays ten. 

1.0 

CFINST 

Real 

Coeplexity factor for the 
inatruaent system. 

1.0 

CFLG 

Real 

Cooplexity factor for alighting 
gear system. 

1.0 

cnuc 

Real 

Cotsplexlty factor for engine 
nacelles. 

1.0 

CFPACC 

Real 

Complexity factor for passenger 
accomaedations. 

1.0 

CFPNCD 

Real 

Complexity factor for pneumatic 
system. 

-.0 

CFPOW 

Real 

Cooplexity factor for auxiliary 
power system. 

1.0 

CFTR£V 

Real 

Complexity factor for thrust 
rcvcrscr. 

1.0 

CFWING 

Real 

Complexity factor for wing structure. 

1.0 

CONFIG 

Real 

Corxplexity factor for airframe 
engineering. 

1.0 

CTJI 

Real 

Cost ]^cr aircraft engines (omit 
if cost; to be computed). 

0.13 

AFSPAO 

Real 

Airframe spares factor for 
production phase. 

0.4 

"NSPAO 

Real 

Main engine spares factor for 
production phase. 

0.4 

ENSPAR 

Real 

Main engine spares factor for 
RDT4E phase. 

0.0 

FACI 

Real 

Production facilities cost. 

0.10 

FEE 

Real 

Manufacturer fee factor. 

0.10 

noi 

Real 

Flight test operation cost (omit 
if cost to be computed). 

0.20 

FVSPAK 

Real 

Flight test vehicle spares factor. 

0.10 

GTSPAR 

Real 

Ground test vehicle spares factor. 

6 

tCONFG 

Integer 

Indicator for aircraft type 
(6«cubsonic, 7“prototype, 
8-supersonic) . 

1 

XDATA 

Integer 

Not used. 

2 

XPOWER 

Integer 

Not used. 



Table 10 (Concinued) 


Default 


Card 

Value 

Parameter 

Format 

Description 

> 

«• 

I 

IPROD 

Integer 

Indicator (1-production, 0- 
prototype tooling). 


0 

lOPS 

Integer 

Indicator for operational program 
(l-cocaercial, 0«othcr). 


80.0 

LEARN 

Real 

Airtramc learning ^urve factor. 

2 

80.0 

LEARNA 

Real 

Avionics learning curve factor. 

2 

90.0 

LE.\RNP 

Real 

Engine learning curve factor. 

2 

1 

NCRn; 

Integer 

Number in flight crew. 

2 

5 

NDATA 

Integer 

Number of production levels to 
by analyzed (from 1 to 5). 


1.0 

NFV 

Integer 

Number flight test vehicles to 
be produced. 


I.O 

NG 

Integer 

Number ground test vehicles. 

*> 

0.0 

NOCON 

Integer 

Number of concept formulation 
contractors. 

2 

0.0 

NOCONl 

Integer 

Number of contract definition 
contractors. 

o 

150.0 

NOENG 

Integer 

Number of concept formulation 
engineers. 

*> 

500.0 

NOENGl 

Integer 

Number of controct definition 
engineers. 

1 

0.75 

NOYRS 

Integer 

Number of years for concept 
formulation. 

2 

1.0 

NOYRSl 

Integer 

Number of years for contract 
definition. 

2 

1.0 

NV 

Integer 

Number operational vehicles 
demanded (as determined by BET) 
minus the number of flight test 
vehicles. 

2 

1.0 

NVEH(I) 

Integer 

Production levels to be analyzed, 
I-l to 5 (the input value for 
WEH(l) must equal 1). 

2 

0.10 

PDTJI 

Real 

Propulsion development cost 
(omit if cost to be computed). 

2 


RATE 

Real 

The value of this variable always 
defaults to the maximum monthly 
aircraft production rate deternlned 
by PIwVNT. 

2 

17.0 

RE 

Real 

Engineering labor rate in dollars 


per hour. 
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T&ble 10 (Continued) 


Default 


Value 

Parameter 

Forns;it 

Dcscrlotion 

15,0 

RT 

Real 

Tooling labor rate in dollars 
per hour. 

0.0 

SUDSYI 

Real 

Subsyatcica development cost 
(oait if this cost to be computed). 

1.0 

TOOC 

Real 

Complexity factor for tooling. 

0.0 

XAVD 

Real 

Avionics development factor. 

0.05 

XFASSY 

Real 

Final assembly checkout cost 
factor. 

0.20 

XNEW 

Real 

Miscellaneous e<juipment development 
factor. 

None 

TITLE (8) 

8A10 

Title to be printed on aanuf securing 
cost table. 

None 

C0MENTC8) 

8A10 

Title to be printed on price 
estimation results tabla. 

0.06 

API 

Real 

Average annual increase in 
national price/cosr. index. 

None 

EN 

Real 

Number of main engines. 

None 

FEE 

Real 

Not used. 

None 

lAIRPL 

Integer 

Indicator for airplane type, 
l"conventlonal jet transports, 
2"sma31 jet ransports, 

3»wide body jet transports, 
4«turboprop transports, 
5«gcnerai aviation, 
6«supersonlc transport. 

None 

lENGS 

Integer 

Indicator for engine type, 
l*turbojec and turbofan, 
2*turboprop, 3areclprocatlng, 
4«airbreathiiig, 

None 

NVHF 

Integer 

Not used. 

None 

PN 

Real 

Total 'passenger capacity. 

None 

T 

Real 

Thrust per engine (omit if lENG jt 1), 

None 

WE 

Real 

Aircraft empty weight. 

None 

WENGS 

Real 

Engines total weight. 

None 

YEAR 

Real 

Year of Intrcduction into service. 

None 

HP 


Engine design shaft horsepower 
(omit if lENG - 1). 



Table 10 (Concluded) 


default 

Value 


Parameter 

coMErrr(8) 


Formt 

8A10 


Description 


Special coar^nt card. Enter 
ZZZZZZZZZZ If aircraft price 
estlraation process Is net to be 
repeated. Otherwise, repeat 
card 5 and 6 entering data to be 
used during next price estlcation 
in subroutine ACPRICE for the 
current aircraft type. 

Note: Cards 1 through 6 oust be 

repeated for each new aircraft 
type, in the saise order as defined 
in BET. 


8 

None 

PO 

F20.0 

Initial aircraft price in millions 
of dollars. 

8 

None 

DELTA? 

F20.0 

Increment for aircraft price in 
millions of dollars. 





Note: Card 6 must be repeated for 
each new aircraft type, in the 
same order as defined in BET. 

9 






End-of-fllc mark. 

Note: The card input to the Fleet 
Accounting Nodule follows card 9. 


4 . 

Card 1 contains input data for Naaellst INPUTl. More than on. 
.card may actually be required. 

§ 


i 

I 



D. Output 


Excerpts from the output of the sample problem (see Section V) are 
provided in Tables 11 through 21. These tables illustrate the types of 
output for the Airframe Manufacturer Module, which Includes statistics on 
demand, production scheduling, production costs, rates of return on in- 
vestment, aircraft price estimations, and individual and cumulative monthly 
cose, income, and cash flov data. 

The output for each new aircraft type begins with a printout of the 
number of aircraft demanded in each of the 30 years beginning with the 
year the aircraft was first demanded. Then, the length of the demand 
period in years is printed, that is, the number of years from the first 
to the last year of nonzero demand. This output, which is .Ulustrated in 
Table 11, is computed and printed by subrouclne IMPLAOT. 

.Next, results of computations to determine the prod.ctioa schedule 
are printed by subroutine PLANT. This printout is illustrated in Table 12. 
For each possible yearly breakpoint of the demand period into two periods, 
the number of aircraft demanded and the computed monthly production rates 
for each of the two periods are printed. The final entries in Table 12 
are the production rates determined to be best and the month computed as the 
best to start production (month 1 ■ January 1975). 

The next information which is printed provides the user with the values 
of the parameters used in the cost computations. This information, 
illustrated in Tables 13 and 14, is printed by subroutine ACCOST. Table 13 
contains the values of the variables in namelists INPUTl and INPUT2. Table 
14 also provides a printout of the values of many of these came variables. 

It also prints the value of TOVERW (aircraft thrust over weight ratio) and 
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Tabie 11 
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y • 


.i:'H7o;3:3i7^j,i.>f.3 


> 


.U?77;sin*,7«»7f*oi 

3 • 

0. 

0* 

i • 



Table 12 

SAMPLE PRINTOUT OF PRODUCTION SCHEDULING RESULTS 


THTAL CTp FjosT ocornn ■ 

T^TAI. n = Pn» ScCnvR P;OT00 ■ 

TOTAL FOP AlbroApr ■ 

oonnti-TTn.j date P‘10 1ST ppoinr) 

total 0=«ANr» FPR FIRfT ^ £9 1 pp « 

TOTAL FTP TrCPMO ocpynr» g 

TOTAl PEMANO PQO THT<> AIorpAFT g 

opnoijr TTtm qate for i$T * 2N[> PERTm 
T^TAL D:“A*J0 for PIRST ocp|tP- » 

TOTAL P='UMn for ScCON’O pcrtop » 
total OEMiNT for TMT?j ATPrPAFT * 

ppmnrTtov rate pop ijt * 2wo oeptoo 
total Ocmamo fop first RPRinC » 

TOTAL OCu^TD FTC SFCnwO PFp|qr> g 

^OTAL FOP TmJS AIRTPAPT m 

“ROO'tCTTovj pate Pop ;; T «. OEOinq 

TOTAL OFMArn FOP PIRST OE'ini) » 

TOTAL OrMi'^n FOP SECONO OrPIOO g 
TOTAL OPMASO FOP THIS AyppPAFT g 
DPOOMrTTn‘j pate pop 1ST 2MO oprIOO 
total OE'AANO fop PIPST PPRTm •' 
total 0."«AMr( FQP StCONC PPPinO ■ 
total Ofs^a'^o fop THTr aTPCPApt , 

pono'i'*Tiow pate pop 1ST A ?*jn oEPino 

total FOP FIP<^T RSPIOO g 

TOTAL Opmano pop second p=PTon * 

TOTAL D=1ANO COP THIS AIPCOAFT g 
pROOUSTT'^m pate fop *ST a 2mo ppotoO 

total f'EMANO FOP PIPFT RgRinD «* 

TOTAL OCNANO FOP StCQNP pcRIOO . 

TOTAJ FQP THI R AfPCPAPT = 

PPOOKCTT-IK. PATc cor IJT A oioT-in 

TIMS cpp FTART-IJP or PPOOiiOTION g 157 


32 

7R0 

“TI 

RLS PEtTTVEL Y 
IM 
711 

55SOECTIVELY 

25C 

672 

?72 

’i-SPECTTVELY 

365 

217 

•^72 

respectively 

^65 

(,Jt3 

^71 

SsS PECTI VEL Y 
58P 
283 
-7c 

®F.SPL-CTTVEL Y 
724 
3 48 

F72 

P ES^ECTI VELY 
56P 
2?3 
“72 

PPSPSCTIVELY 


IS 


rs 


IS 


IS 


TS 


I- 


IS 


TS 


7» 10 


7t 


7t 11 


c» 11 




• ^ 


(■$ 12 


«» 


^2 


12 
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Tdble 13 

SAMPLE PRmCinr cr values O? V/JIUBUS in N^‘^ELISTS INmi A.N-D !N?IT2 





• 

•Zl*Ul0 

"AC** 

• 

t«E*00# 

‘ PH 

■ 

• U43Xf 

~r 


•4)(«US» 

WACS 

• 

,!95E^0A> 

“wreiiT' 

m 

ii'aVE^oAr* 

■'wiMftc 

m 

•SC^CJ# 

’^nviOM 

m 

tZlz(*aC,~ 

"“WAOOV 

• 

«S6S2E«C;» 


• 

•252E*GA» 


• 


^WCHACC 

• 

• K66«CAt 

* WEN?*^ ■ 

• 


■’wPtJSYr 

« 


"‘vpunr 

• 

«Aa63E05» 

wc»nss 

« 

• 269lFn*fc» 

““‘WMANOl 

• 


“wHvrio 

• 

•177E*OA> 

“'WTNST 

• 

•b7Etu3« 


• 

• iSr^FtOS# 

WIGCHM 

• 

0«0» 

WlGSTt 

• 

L *0# 

'^wVctc 1 

• 

^7cr 

* ilGi/HL 

• 

0«t» 


• 

•ll29r^33f 

"^►TcaT 

• 

7n>37f#05# 

“w^Ncro 

• 

c«c* 


• 

’'•?06E^04» 

-THTTUIT' i" 

‘Ts^'cr^oV;* ' 

"WVftKC 

m 

«A07)E4)S* 

' WP4YL 

m 

«A573E«;f3» 

IWCG 

• 



tEHO 
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Tablo 13 (CoRtltttjcid) 



AO I 

• 

• X E'AgC P 

AGeOl 

• 

•lE^vQ# 

* AC£»T 

• 

ae^CG* 

~c>tef ■ 

• 


cpae^o 

• 

• ^ 5E ♦</«)# 

C^IHTC 

• 

’.l£^» 

“cPAiToV 

• 


*'cp"'ooV' 

« 

• tepicT ' ' 

* c>7lFo' 

• 



• 

«I^Fp01# 

* itPENAiT 

• 

•^tP3C# 

‘C^FMO 

• 

•1 (Pal# 

’ CFPUSY 

• 

elE^COf 

“CPHMIt"' 

• 

• 1 (♦C* » 

' CPHrC'» 

« 

• 9 5t ♦OC • 

* CFIN^T 

■ 

•TF400# 

'end 

« 

.7E400# 

CPnaC 

• 

• 1 E4o1» 

CF^ACC 

• 

• ^U40I# 

“'CPPNffo 

• 


. C^POW 

• 

• 32E«M» 

' CFTPFV 

• 


~CFWIKG’ 

• 

‘.9£4aO» 

CONFtP 

• 

• IfACl# 

“CTJt 

• 


"*4^ ^'pAn 

m 

•13(400# 

' ^NSPAQ 

• 

• Afp'jO# 

'fNSPAH 

m 

•AE4Cdt 

FACT 

• 

“oXTr 


m 

9»0» 

'>TOt 

m 

• if4~ob#' 




A 
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T*bl« 13 (Conclude!) 


nftSP4# • .IPecc# 

’IccnpF 

*T04TA m~, 

‘’i*dwi> a' zi 

“fvpbK*" v’l; — 

"To?? 

LM^H ■~ina5f4U2/ *■ 

LfXPHl a '«si«5eio?i 

L64<rNF’'7~778m^iT* ■“ “ 

NCffCtf ■TliVojT 
H04f4 a > 


NP V 

• .»E*si, ■ - 

“hc 


““nocon 

• u*0» 

NOCONX 


~ NOEHrT 


“^cTlNni 

• •5CVb3» 


• •75c^00# • • 

~Mny*si 


“NV 

• •^ft7£403# 

“NVen'"^" 

■^rem— j£«ci,-:iE*c3, .3£.oi7 .sc;«j. 

* ^orjr 


' ffAt? 

• .12C40?. 

THE 

- 

'4t ' 


~ T/h1l 

• ‘).0» 

TUUL C 

^■)^4V0 

• .xctan 

•'a.o, ■' • 

~»P4Tsr ’ 
■' 

•“rjT-oir 

t(ND ' 
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T«bl« 14 

SAKPLE PKlKTGilT Of PiOCtJM VAtUSLES 


HVgH 

• 

1.0 

9.0 

100.0 

ICC «c 


600.0 




NOaTA 

• 

5 ICONFG • 

6 loarA • 

1 1PQVE9 

• 2 

rp*m • 1 






am 

• 

ilCO .... i'} 

? l.QCO . 

CQHFIG • 

1.000 

lEa^H • 

61.890 

HOCOH • 

0.000 

HOC OKI - 

0 .toOO 

FACI 

■ 

O.OC9 MV 

• «67.ti00 

EH^raa • 

• 400 


eB.190 

HPENC • 

190.0CO 

HOEMCl • 

50C.030 


• 

.CtOOO.. ...?E 

•_.17.C00 

EHSPaa • 

• 4C0 

LEA^ia* 

9I.C90 

HOr«$ • 

• 753 

HOTPSl • 

1 .bwJ 

«!4CH 

• 

•800 »T 

» 19.C00 

FTOf • 

• 100 

KFV • 

9. SOU 

• Ht V • 

• 200 

tavo • 

C.ObO 


y - 

.UZaflOGt 

..... 

. lODLC. • 

1«.0C0 

CFiCi. • . 

2.lCik 

. > ifASir- 

. .053 . 




4REai • «10Q FVSPA9 • ,2Ji POTJ • O.QJl SU8STS • U*irJ in>S • C PH • l.GOO 

4GfM • GT5PA? • *;jC POTJI • ,lu'3 - O.C05 liCRtW • 3.0G0 

Cf*E»0 • .690 CFANTC • l.COO ff*VOH • l.OOC rmiPY • *700 GFCICO • ••O': 

CF£«5„^ J*£CO CftQP La5CQ CfcHFC • CEM^CO ?. .55L . . mlO: 

CFlNST • .700 CFIG • .7C0 Cfnic • l.oOO CFPHCO • 1.00b CF^OH • 1.70“^ 

CFhnol • l.flOQ rpT^EV • l.OCC CFwlHG • .90C CF^ACC • 3.10& CF4C5 • 2»’.l 

TQYEIW?. .33%45EtOw fci - .2C0JiE^wl 

j!_^?.0C5tB .n4CH?_.. ,0OC . hV* 967*COO. . HFV* 9mI:2 „ £*<• 2.00C 

£H5»4»- .400 CMS«»4n. ,400 AFSPAO* .130 

POTJ « t4^632E«g3 


the propulsion development cost (PDTJ) for the number of 
(NV + NVF). 


new aircraft demanded 


Tables 15 though 17 illustrate results of the airframe manufacturer 
cost analyses performed In subroutine ACCOST. The tables are printed in 
subroutine COSTFR. The costs presented in these tables are computed by 

using the airframe manufacturer cost equations given in Section III.A (Cost 
Determination). 


T.bU IS toot.ln. cooputed sltctaft nanutaetpclng cost cooponcots for 
coch of the production Ic.cls (up to five) input hp the user (input vnriohlc 


NVElKt)). Thus, costs do not includo the mnufucturor's fc. T.bl. 16 provide 
s broskdoim of resosreh. dcvciopncnt. tost, snd evaluotlon costs; slrcrsft 
»>nufsctnrln8 costs; snd snstslnlns production costs for the nunbet of vehicles 

dotended (,W * 8VF). In odditlon. s bteskdoun of first unit olrct.ft .snu- 
facturing costs arc provided. 


Table 17 provides cost versus quantity data. At the top of this t.ible. 
several program variables are printed. Thin, costs are printed for various 
levels of production. The first column shows that number of vehicles corres- 
ponding to the data in that row. The second, third, and fourth columns show 
average unit manufacturing costs for the airframe, propulsion, and avionics 


systems, respectively. The fifth column, unit cost, 
vious three columns plus final assembly and checkout 


Ic the sum of the pre- 
costs and r.anufacturer ’ s 


fee. Cumulative manufacturing costs are shown in column six, while total 
(luciudius fc) imiiE cu,« .„d cuutdluing Cos;, s„ shcuu i„ culucs seven 
und clahf, respectively. The fl„sl total cost pet 

unit (the ,u. of the previous three tolu.us divided by the uuubor of elrcraft) 



Tabic 15 

SAMPLE PamOLT OF AiacaATT KAMUFACTUaiKC COST (XHPOXEMTS Bt PROOUCTIOM LEVEL 


Pfonceo ENCacr ppop^^ah (757-7621 


^ffFAKQQWH Oc CU*1UlATlVi 

VEHICIE5 

yiMR 

* 

ariDY STacJCTijac 
‘ LAXOIH? C£AB 

HACEUE^# PODS# •unNsr siiPPDaTf * 

►Rdpui^nt* systcm 

TH9H5T REVEaSER 
P'JFl OYSTER 

ENClNrACCESSORIES 

AEROOtHAfirr CONTROLS IStJRFArf COMT»Qtt| 

“hydrai/ik 

ElECfaicn rIdwER CDKVETsTom" AMI) OISTRXAiTtioh ' 

PHEU»<ATrC 
AIR CONdiTtOHINC 
’AHTl-ICiNr. 

AUXTiriRY AnwER SOURCE 

RASSEHCE* ACCOHnOOATIOKS 

IMSTBumemTATIOn 
£QUT?**f*<T 

Inxtauatiom 
AVIONICS 

equipment 
iHSTAlLATinN 

lOAf) ANT HINDLIHC 

final ASSEnaly ako CHEC<n*IT 

VEkICLE total 


nAnUCACTURINO cost# NlutotfS OF OnUA*S 


1. 

5. 

100. 

300. 

3.0070 

12*2074 

102.7366 

224.3001 

1.1293 

3.5466 

29.947V 

* 65.1002 

4.4739 

14.C505 

110.2404 

254.2504 

1.3534 

4.2503 

33.77CC 

70.1229 

1.7734 

11.9504 

99.7324" 

217.81«9 

5.90271 1 
3*4311 
2*4652 
. t0053 ^ 

,3014 

22.31601 

12.0103 

9.2377 

• C140 

• 3U39 

f 259.3943) 
140.7593 
106.9239 
.1719 
1.5295 

f 537.4977) 

265.6117 
262.7902 
.. .4221 
0.6746 

1.C114 

3.1764 

26. 7320 

90.1035 

.5947 

1.85 77 

1 5 . 71 66 

34.3130 

.6354 ' 

1.9954 

16.7934 

36.6773 

3.CauJ 

o.co^t* 

C.006-0 

0.CO31 

• 9932 

3.1192 

26.2511 

97.3334 

• 1150 

• 3612 

3.0395 

6.63A4 

1.6019 

5.C307 

42.3392 

92.4600 

6.9554 

21.6969 

182.5147 

391.6105 

.40071 1 

• 4526 

• C361 

1.53491 
1.4214 
• 1134 

1 12.91661 

11.9621 
• 9545 

C 20.2193) 

26.1757 
2.C045 

2.20901 ( 
2.9450 
• 1632 

6.93761 

6.4249 

• 5a27 

t 56.3969) 

94.0719 
4.3145 

1 127.9100) 

110.O<34« 
9.42M 

• wI23 

• C367 

• 3256 

• 7111 

1.75E3 

5.6995 

9;.S369 

115.10Y7 

36.9249 

119.6190 

K92.2724 

2430.2510 


6C0« 

367.3101 

106.7132* 

422.7690 

a 27 .SB 72 

35 ' 6 .V 69 V 

X124.29C9) 
644,7911 
463.4368 
• 7465 
13*2965 

95.3739 

56.1983 

60 .y 4 0 7 

C.C&UO 

93.6547 

16.6671 

151.3700 

652.5377 

46.1503) 

42.7670 

3.4126 

205.7469t 

193,3213 

15.4256 

1.1640 

194. U37 

4676.A772 



o 


vuw ^ 











Table 16 

SAMPLE PRINTOUT OP COST BREAKDOV.'N FOR NUMBER OF VEHICLES DEMANDED 


EVit'UTiQH 

AlPFRAflE design and ENGINEERIHG OE VE LQOnfhT 
CONC F«>T Fn BNijMrinM 


CQSTf HILt IONS OF OOLLARSI 


CnMTRACT OEFINITION 
A?RFRA«E ENGfHEEfilNG 
^uastSTENS rEVctnp»<E>4r 
AVIO^HC^ 0EVKO<»WgHT 
R»C?ULSION 0£VElQP?^ENr 
■J?£Y£LnrHEMT SiiPPQRIL. 


FEE 


grouno test ve^icles'Fi.oi 

-CRDJsr) TEST SPARES 
flight test spares ‘ 

S''£Ct»t TEST EfiUIPPENT. . 
FLIGHT iEST OPERATIOMS 
_G?oaHo SUPPORT £55^Ipp£yT 
technical oatr ' 


C.CD 
23 3.73 


26* A9 
2.69 
23.<H 
3S2.19 
32,92 
25.19 
2,39 


223.73 


129.12 

0.00 

966.32 


9.09 


U79.99 


-J MU F AI.IUP I N G-r F I giX. UHU 1 

airframe “ ;■ 

- — avionics P^uCUREHEMT I 

PROPULSION PROCUREMENT I 

ASSE«nLT AN3 CHECKOUT. I 


^ 36a523_. 

26.99) 

2.70) 

5.98) 

1.761 


AIRCRAFT PPODUCr'iCN# 

— npEMTinHAL yehtcles ( e72,Qi 

.../*ciiit;e5 

sustaining engiheeping 
SULSTAINI^q.TDQUMG _ 

GROUND SUPPORT EQUIPNEwf 

.technical data 

HI 5C£LLAN£0US EQUIPNEHT 
. T*A!;iiHj CSUIpmcnT 

Initial tpaintng 

tHiTUi Lpahsporiatisn 


5280.59 

991.79 

0.00 

692.89 

• ^ .. 590.71.. .. 
807.09 
:07.6I 
10.96 
36.29 
261.60 

25.93 

0.00 


..total cost 

— I0TiA.-My!<BFR OF flight. jfEHiqi5S P£(5niicEO .... 
average unit airplane cost 



8779.91 


19351,73 

aji.M 



Table 17 

SAJiPLE PKIKTOOT OF COSTS VERSUS PRODUCTION LEVEL 


AIPoiAHfc COST VERSUS OU4NT1TT 


4NPRVETGHT |ia<| 

NO. AIRCRAFT 867. RRHOUCTIO'* RATE AC/*10 


HA'CH Noi' '.80 ' " ■ 
12. CO TEST AC 


take-off CROSS Wf. fLRSI 269UG. 

9. PRQGRAN TYPE PROnuCTfON »SRCEHr PROFIT 


?’J.*.»;T 7 TV 


itare • 

MRFRa»,» i>^1FUlSlOM AVIONttS 


UNIT COST 



8 _ 

■<? 


10 

20 


3 ^ 

AO 

_ 9 ? 

60* 

70 


SO 

90 


100 

200 

%ot 


AOO 

500 


600 

75P 

^ fioo 

900 

1000 

1200 

1400 

l&OO 

IflOO 

2000 


26.4S62 

19.2822 
17.7442 
16.6362 
15.7825 
15 .C 95 U 
. 14 , 523 ^ 
14.U377 
13.6163 
12.1453 
9.9131 
9.1224 
_8.55*8 
0 . 1 i 3 9 
7. 7604 
7.4667 
7.2169 
7«6u05 
5.7299 
5.0964 
4.66V9 
4.3971 
4.1714 
3.9397 
3.3337 
3.7* J3 
3.5990 
3.4143 
3.2656 
3.1420 
3.0368 
2.9458 


5.9827 
.. 5 f 2 735 _ 
4.9013 
4.0520 
4.4674 
4. 3220 
4.2027 
^* 1021 _ 
4.0154 
3.9393 
3. 4737 
1.2273 
3.0631 
2.9415 
2.8458" ■ 
2.7673 


2.6977 

^ 2 . 209 t 

1.9640 


lfd073 
1.6945 
1 .6075 
1.5375 


1#4793 

1.4298 

1.3869 

1.1332 

1.0C97 

.9292 

.8264 

.7994 


2.701a 
2.6439 
2.5918 
2.2873 
2.1250 
2.C! 69 
1.9369 
1.8738 
1.8221 
1.7785 
1.7409 
1.7079 


.7605 

• 7351 

• 7130 
«5S36 

• 5191 
.4777 
.4479 
.4249 
. 406 4 
.3910 
.3779 
.3666 


1.6523 

1.6C67 

1.5684 

1.5351 

1.5060 


.3478 

.3326 

• 32JJ 

• 3D93 

• 100C 


36.92 

_ 2 aa 02 _.. 

27.43 

25*41 

23.94 

22.80 

21.88 

- 21*22 

23.46 

19.89 

16.54 
14.06 
13.77 

12.90 
i 2 . 3 9 
11.88 

11.47 

11.13 
10.82 

9.1 3 
8.13 

7.54 

7.12 
6.79 
6.53 
6.31 

6.12 
5.96 
5,69 

5.47 
3.28 

5.13 
4,99 


fl 0 T ^ E 

CUmjLATIVE COSTS 


36.9? 

82,36 

101.65 


1C49.46 

IC66.67 

U76.97 
1C84. 69 


119,69 

136.79 

133,14 

168.89 .. 

154.11 

193.90 
330.84 
445.73 
550.82 

. 649,19 
742,53 
831.69 
917.97 
2001.31 
1082.27 
1606.16 
2438.26 
3017,49 
3560,44 
4J76,18 
6570.37 
sc46.ea 
5508,43 
5957,17 
6822.15 
7651.25 
0450,87 
9225.61 
9978.92 


1090.83 
1095.95 
1100.36 
- U^ 6 . 23 „ 
1137.6P 
1110. 81 
1132.22 
1145.45 
135 ;. IF 
1162.90 
il69, 34 
1174.89 
1179.76 
1184.11 
1198.04 
1215. CO 
1231.65 
1243. Sf 
1253.6? 
1261.73 
1260. 71 
1274.84 
1290.32 
1285.28 
1293.97 
1301.45 
I308.1C3 
1313.9C 
1319.21 


SliSTAlM'lHG ’^AVERACE 
COSTS COST 


-S 5 * 61 _. 

147.55 
197. <?0 
221,49 
250.59 
276.47 
297.92 
321. 4A 
341.41 
492.84 
601.89 

691.17 

769.17 
839.07 
903.22 
957.94 

1019. U 

1072,43 

1512.46 

1866,69 

2170.62 

2464.10 

2731,01 

2903.94 

3225.8? 

3458.71 

3684.C4 

4116.19 

4528,51 

4925.04 

5313.59 

5681.1P 


frll. 66 . 

435.63 

343.56 
286.4C 
247,22 

218.57 

195.63 
179.25 
165.11 

97,79 
73. 1C 
59.93 
51,63 
45, e; 

41.57 
38,26 
35,61 
33,43 
22.67 
18,46 
16.10 
14,56 
13.45 
12,60 

11.93 
11.39 

13.93 
13,19 

9,6? 
9,18 
8 • 

8,49 




I- 1 




Printed results of the aircraft price estimation process appear next in 
the output. These results are illustrated in Table 18. They are computed 
and printed by subroutine ACPRICE. The methodology described in Section III. A 
(Aircraft Price Determination) are used to compute these results. 

The next printed information is illustrated in Table 19. This 
table contains the following: 

• The first line (printed by subroutine COMPCOS) contains 11 cost 
components (in millions), including the first unit manufacturing 
cost plus sustaining costs OS, FAC, SE, ST, AGEO, TDO, KEQ, OT, 

IT, and TRI for NV + NFV vehicles. 

• The next 21 lines are the trial rates of return and residuals 
(one line for every 10th cycle) from the estimation of Interval 
rate of return by subroutine INRR, the last line indicating the 
final value estimated. 

• The next line is the restatement by subroutine INTROR of the 

rate of return determined by the iteration process of subroutine 
INRR. 

• Finally, the last line is output by subroutine INPLANT and shows 
the determined rate of return and the aircraft price (millions 
of dollars) for which this rate of return was computed. 

F urteen tables such as that illustrated in Table 19 are printed. 

The first for the input value of base aircraft price (PO) . The others are 
for aircraft prices determined by incrementing the price upward by the 
input price increment (DELTAP). 
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Table 18 

SAMPLE PRINTOUT OF AIRCRAFT PRICE ESTIMATION RESULTS 


rSTT 

MATtO 

AIPPLANE 

DEVcI.nPME 

ESTT 

MATED 

AIPPLANE 

UNIT PROD 

FSTT 

MATED 

AIRPLANE 

MARKET PL 

ESTi 

MATED 

AIRPLANE 

PRICE RY 

TT 

MATED 

ENGINES 

total pric 

ESTT 

mated 

AIRFRAME 

PRTC" 

ATPC 

PAHc WEIOHT 


UJ 

MATEO 

AIRPLANE 

PRICE 


NT CO<5T, MILITON? 
t'CTION CnSTt MILLIONS 
ACc PRTC6 

SEAT COST. HTLliaNS» {rStpOKin 

6 


2772, 55r: 7 
27 , 5434 
17.1750 
13.0J79 
D.OOJO 
25,9832 
l4557j,035L 
25,9892 



Table 19 

SA«PLE PRIHTOITI OF IHZZnHAL RATE OF REIUR„ rrsuLIS 


•3692£e0? •9$l9(f03 


-•C190000 

r.liSOOtU 

-•O390CC0 

-•0S9Q0UU 

-•O590C0U 
lifimQ&Q 


-•0790000 

r*CC9y$;i& 

-*0990000 

“flO?')Oo0 

-• 1190030 



-•1390000 
:»25!?OOOC 


-.1590000 

r»iO?ooot . 

-.X79030C 

ri‘ll?35e9 


-.1990000 
- rt209000C* 
-•2190000 
-_r»2?9ogov 
-.2390000 


-•239gc00 

••2690000 

-.2790000 

-.2090000 

-•2990000 
^aIO 930^ 


-• 319OC00 

■r?329ococ 

-.3390000 ““ 

-!|34900?0 

-•359OC0O 

Zt 36 9C coo • 

-.3790Ci6 

— -f 3D90C30 

-•3990000 

. . -.4090000 

-•>4190000 

^^2 90 000 


-. 4390030 
-.4420000 

!QI? • . .“♦♦♦JCOO FHRM • 


4334.4032739 
4557*3094323 

4793.«6491/5 ‘ 

5051«3944698 
5329.3463609 * 

- 

5935.0202410 

^274«37124?7 

6639.4384762 

7032.4867953 

7455.9869431 

4405.3424083 ' 

5937.2963988 
95::. 9202232 
..X0132.9352/)43 
10004.2013654 
..U52a.CQm4l ^ 

12314.7467657 

I3163.0199773 
14079.5354674 
.^19068, 999R7U 
16135.9570582 
-17284.5536079 
18518. 239318C 
1*^839. 2626216 
21248.0967792 
22742.5503967 

24316.5929047 --- 

— ?-i?5 ^ 7 4 7 3 681^ _ 

27649.6967747 

, 29360.3037796 
31043.5584469 
32642.0676670 

34054.5566477 ' " 

_35 133,0521650 

35762.9401343' 

35622.9989547 

34385.7632692 

31568.5902795 

26505.9555639 

161 

5612.2691 399 “ • - 

729.8042379 

1*000000. 


.8tnE«03 .1076E»0J .U*6£«IF .J 6 J 4 E 02 . 26165 *u 3 




- 

-.50 Ww. 


•3593E«02 






I ■ 



) 
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Next, 31 tables similar to those illustrated in Table 20 are printed, 
one for each year from 1975 through 2005. For each month of the year, 
this table shows, in millions of dollars, five RDT&E cost components (AOEE, 
SUBSYS, AD, PDTJ, DS), manufacturer's income (i.e., revenue), aircraft manu- 
facturing cost (OV), ten sustaining production cost components (OS, FAC, 

SE, ST, AGEO, TDO, MEQ, OT, IT, TRI), and cash flow for the demand schedule 
and number of vehicles demanded. 

Finally, 31 tables similar to that illustrated in Table 21 are printed. 
These tables are Identical to the previously described tables except they 
provide cumulative data instead of individual monthly data. After the 
last of these tables, the rate of return on investment for the last air- 
craft price and the last aircraft price are printed. The tables illustrated 
in Tables 20 and 21 are printed by subroutine INTROR. 

The output described above is printed successively for each new air- 
craft type. 
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su35ysni9<j2 

P»0P<JL$1902‘ 
_0EVSL0?1992 
tHCQ^E 1992 
. fUMUF 1992 

spiaes 199 ’ 
_fACUITl992 
SUSENGR1992 
^ ?USrnOLl992 
* 6S23'JIP1992 
_ TECHnATl992 
«»SCEQIU992 
TaUNEci902 
“nrrTaNi992“ 
ryriTRU992 
' CiSH?l0l9>rf2 


Tabl« 20 

^ SAMPLE PRINTOUT OF INDIVIDUAL M3NTULY COST, INCOME, AND CASH FLOW DATA 


JAH 


o.__ 

0 . " 



(/• 

c* 

I.609€«02 

^.SlOEiUl 

7.905E'JO0 

C* 

2 ^ 8 APE^tO 
2 . 1 I 3 E 40 U 
7*A0A£<0i> 
9.873E-C1 
9.600E-C2 
3^325E-C1 
2* ^oO£4CO 
3.296E-0V 
9.1A9E4CI 


PE 8 


. 0,1 

C, 

-fet. 

C*i 

U630Ea02 

S.339E>n 

>.372£400 

0 * 

' 2 « 79^F 46b 
c»OBlc4CO 
7*^09E4J'0 
9. B73E-0 * 
9.t6C0B-02 
3^325 F-01 
2. A 00 S Vo O' 
3*296E*;U 
9,ifilE401 


HAR 


O 4 . 

C. 

-Oe 

o« 

Of 

)*57lE402 

^•366£4d: 

7.838£fOC 

-?• 

2. 756 E 40 C 
2.0A9E400 
7 .A 3 AE 400 
9.973E-D1 
9,600£-02 
^•3<!5F-04 
?.^C0c4CC 
3*296E-01 
9e9l2E4|>l 


APR 


0 . 

0 * 

- 0 . _ 

Cf 

5 ^^E432 

fflE4il 

7« a05E400 

0 ♦ 

t.717E4U0 

2.017E43C 

7.ACAE40L 

9,873£-01 

9.600E-02 

3v325|r0l 

2 * 4 CuE 400 

3*296E-01 

9.5785401 


MAY 


. «f . 

3. 

Q« 

3. . 

0 9 

1.642E402 

^•329E4CI 

7.773E4Q0 

. 0 , 

2 •6765400 
1.966E400 
7.ADAC4Q0 
9.873E-C ? 
9.6C0E-C2 
_3,325E-Ci 
2.Abci *00 

3.2966-01 
9.69AE4C1 


JUH 


3t 

0. 

Oe . 

0. 

Of . 

I.651E402 

4.3392431 

7.741E400 

.a?_ _ 

2.6415400 

1.936E4C0 

7.404E400 

9.8735-01 

9.600E-02 

3r.325f70l.. 

2 . «bOE 4 30 

3.296E-01 

9.810E40] 


JUl 


Of 

0. 

Qe 

0 . 

Of 

1.66CE402 

4.29QE401 

7.71CE400 

0. 

2.6055400 
1.9206400 
7.404E400 
9.873E-C1 

9.6006-02 
.Jt 32 fE- 0 l. 
2.40CE40 3 
3.296E-01 
9.9265401 


AUG 


0 . 

C. 

Of 

0 . 

pf 

1.6685402 

4.2725401 

7.600E403 

0 . 

2.570E4QO 
1.9QCE4C0 
7.40AE400 
9.873E-01 
9.600E-C2 
3.32H-01 
2^-*L0c403 
S.296E-01 
Ir 0045402 


SEP 


Of. . 

Of 

- 0 . 

Of 

Of 

1.677=402 
4.2546401 
7.651 = 43:* 

P. 

2.5365400 
1.8736430 
7.A045403 
9.J73E-01 

9.6006-02 
?f3235 -01 
2.4335430 
3.2965-0? 
1.015502 


OCT 


Of- 

9. 

Si- . - . . 

0. 

0 . 

1.6866402 

4.235E401 

7 * 62254 tu 

0 . 

2.503E4VC 
1.8476400 
7.404=400 
9.8736-01 
9.603E-02 
3.3215-01 
2.4036400 

3. 2966-01 
1.0=7b4C2 


HOV 


Of 

Of 

-Qf 

Of 

V. 

1.6946402 

4.21>5401 

7.5936400 

Of 

2.4716400 
1.6215400 
7.ACAE4J0 
9.8735-01 

9.6006-32 
3f32?(;TQl 
2.4036 400 

3.2966-01 
1.C36E402 


DEC 

Of 

0 . 

Of . . , 

0. 

Of 

1.7035402 

4.2025431 

7.3665400 

Of 

2.4405400 
If 7975400 
7.4346430 
9.8735-JI 
9.6005-02 
3f325£r01. 

2.40CE>t3Q 

3f2?65-31 

1.3495402 



T*bU 21 

SAiQlX PBIKTOUT OP O^aiATlVE MOtmiLY 031% lUCC^. AM) CASH PLOW DATA 


JA*< 


«AB AP9 


1AT ^UM 


“AlPFWf)Er992 
jtj^^Y^ni992 
AVnHtCSl992 
p gnp'ft^l 99^ 
r)2VIL0Pl992 
iMCOnp 1992 
RAHU^ 199? 
3>Agg3 1992 
PAC1LIT1992 

5'IST^nLi992 
_4U9*irgi992 
TCCHOI T:992 
.««nce'3ui992 

T* AIME 01992 

ITri7t4l992 

CA5Hft01992 


~Z*Z17E^CZ 

lt291£t&2 

0* 

A.597a^c2 

8*332£^Q1 

3.17l£t03 

5.52U>02 

c« 

5»?775^C2. 
A, 368£tt 2 
3.96ie*t2 
5*2a2e*ci 
3t I3&£*V tv 
I.779=H1 

l*764f ♦(, I 
lt7A76n3 


2*23TF4j2 

1.291£tUi 

C« 

.4l45!3L♦0^. 

^•597S412 

e»312E«C3 

3.213E403 

5,40ce^02 

0. 

5j7C5£*02 
A. 5^9£»C2 
^•.)35£<C2 
5. 391FOI 
5*232E^03 
l.Al?E«Ol 
1.33CEt32 

l4 797E^Cl 

l#839e403 


2«237£«m2 

li29i£02 

0. 

-4tfeb2£fQ2 
A. 5972432 
a«669c4jl 
3*259E402 
5t67524y2 
0. 

3.332£t32 

A,6^9£432 

A*139S4J2 

5*A79t4,:X 

5.320E4*.C 

1*«V3£431 

I.332E4J2 

l*933E4yl 

l«92dE4l3 


2.237£«C2 

1.291E^C2 

0* 

.^•663£^02 
A.597E»32 
5»e32E*i3 
2* 303Efl/3 
5*736£«C2 
C, 

3.359£t32 
A,!)*9g432 
A*16A£*:2 
5.578£*31 
5. A2 A£>00 
!• A79E*0J 
l*356£f&2 

1«662£4j1 

2*(2Ac4o3 


2.237E402 

I«291£«l2 

3. 

^•6&3£fC2 
A,397£tr,2 
5.997£*lr3 
3«3A6c*l 3 
5.?3AE*C2 

lJ356£*C2 

A,6A9£ft2 
A*259Eft2 
5.577£^C1 
5.520£tC3 
1.9l2E*tl 
1«390£«C2 
2.693E4f 1 
2.12UH3 


2.717E402 

1.29lct02 

e. 

4.663£tC2 
A.597?40k 
9.162£*33 
3* 3&9£*C3 
3.911£*C2 
0« 

5.^13c*02 
A,669f f02 
A«332E*02 
5# 775£*91 
?*tl6E400 
l.9A5c»0l 
l«A0A£t02 
1.928E401 
2.219E403 


JUl 

2.237E402 

1*291£4Q2 

0, 

hsttlliOZ 

A#«97£«02 

9.32CE403 

3.A32E403 

5.C39E432 

0. 

lt^39£«&2 
A.668£#02 
A.A06E407 
5.87AE401 
5«712E«C0 
l«97eE4Cl 
l.A2C£t02 
1.95U4t 1 
2.310E4C3 


A«f. SH# 

7.237E402 2.217E432 
1.29HA02 1«291E402 
f. C. 

^•663£402 «.£63£4d2 
A. 5976402 A*5978t0? 
<>.A9A£403 0*662840^ 
3.A7«t403 3.517F43: 

6*36S£432 6»:A2£4J2 
7 • A# 

9«36A£«Q2 S«590£402 
A,707t402 A.726F432 
A.AC0E402 A,*5A£432 
2.973=401 6.C72E401 
5.B08£4C3 5.93A84J0 
2.ni2E40l 2.0A5E431 
l.<kS2E402 1.A768402 
1.99AF401 2*027=401 
2#A19Et03 2.520£A03 


nCT MOV 

2.2378402 2.237E402 
1*291E4Ci2 1*291£4C2 
9 . c . 

A*603E«kZ A.663£t!)2 
A. 5978402 A. 5978402 
9.8318403 1.0J0E4CA 
3.55984C3 3.fcv2E433 
6.2iA£4u2 6»29AE4^2 
9 . O . 

5.215E4U2 5.539E402 
A.TAAF4U2 A. 7626402 
A.62AC402 A.732E402 
6.170E4L1 6.269E401 
6«003E4bw 6.0961400 
2.07A=4C1 2.1118*^1 
1.S0084L2 1.52A84M2 
2.C6:£4tl 2.093E401 
2c623E4i,3 2.727E403 


DEC 

2*2378402 

1.291EAJ2 

O. 

A*663EiaZ_ 
A. 5978402 
1.01784J4 
3.6AAE403 
6.370E40Z 
0. 

5.56A£402 
A.7e0£402 
A. 7768432 
6. 3638401 
6.1928400 
2.1ASE401 
1.2AaCt02 
2.126E401 
2.632E4J3 



IV AIR CARRIER MODULE 


The Air Carrier ^Hdulc provides a tool for analyijing the financial 
feasibility of an airline purchasing and operating an aircraft. The module 
provides a methodology for computing the air carrier costs and revenues 
over the economic life of the aircraft, performing a cash flow analysis, and 
computing an Internal rate of return on Investment. The Air Carrier Module 
includes models for estimating direct and indirect operating expenses and 
techniques for accounting for initial Investment, purchase loan repavments , 
depreciation, and tax expenses. The salvage value of the aircraft at the 
end of its economic life is treated as a capital gain. 

The program for the Air Carrier Module contains bits and pieces of 
code that would suggest that the module was Intended to be quite general 
and flexible. However, these generalizations are not fully implemented. 
Hence, the program that is actually workable is quite limited. In describ- 
ing the Air Carrier Module, only the workable program code is treated. 
Extraneous unworkaole code is not documented, but remains in the program 
code. 

Descriptions of the mathematical modeling methodology, program logic, 
input, and output of the Air Carrier Module follow. In addition, a listing 
of the program code for this module is provided In Appendix D. 

A. Methodology 

The methodology, as currently Implemented, provides for analysis of 
the costs and revenues an airline will experience in purchasing and operat- 
ing one aircraft. Based on a set cf parameters, which are assigned values 
via input or preset within the program code, the methodology computer 
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calculates direct, indirect, and total operating costs; repayment schedule 
for the financed portion of the aircraft purchase price; depredation 
schedules; net earnings before interest and taxes; interest and tax payments; 
cash flow; discount factors and discounted cash flow; net present value; 
tax adjustments (due to loss carryovers); adjusted tax payments and cash 

flows; and finally internal rate of return on investment based on the dis- 
counted cash flow. 

The Air Carrier Module performs a financial analysis for a series of 
aircraft prices. The aircraft price is initially set at $5,000,000. After 
the analysis bas^d on the initial price has been performed and results 
printed, the aircraft price is increased by $2,500,000 and the analysis is 
repeated, with the final aircraft price analyzed being $30,000,000. 

In developing the methouoiogy, several assumptions have been "hard- 
wired" into the code. Specifically, the initial investment cost (portion 
of aircraft price not financed) is set equal to 40 percent of the price, 
and the financed cost is set equal to 60 percent of the price. The annual 
inflation rate la set ec lal to zero, and the annual revenue is set at 
$7,500,000. Values are also set for economic life (15 years), residual 
value fraction (0.15), and interest rate (lOS). The program code does not, 
in general, allow the user to modify these assumptions simply. 

The methodology for performing the financial analysis includes models 
for estimating direct and indirect operating expenses. Descriptions of 
these nodc^.s follow; 

Direct Cost Calculations 

The direct cost nodal is a modified version of the 1967 ATA (Air 
Transport Association) formulae for estimating direct operating costa of 
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turbine-powered transport airplanes.* This model limits direct operating 
costs to flying costs (flight crew, fuel and oil, and insurance costs) 
and direct flight equipment maintenance costs (labor, material, and 
maintenance burden) . 

The methodology for calculating direct operating costs is based upon 
parameters which describe aircraft physical and operational characteristics. 
These parameters which are inputs to the coat model are; 


ADCC 

a 

Costs of added flight crew (over 2), dollars. 

AMT 

a 

Air maneuver time, hours. 

CLS 

m 

Climb speed, mph. 

COFL 

m 

Cost of fuel, dollars per pound. 

COIL 

a 

Cost of oil, dollars per gallon. 

CRS 

n 

Cruise speed, mph. 

D1 

m 

Distance at maximum payload point on range-payload 
diagrams, miles. 

D2 

m 

Distance at maximum payload point on range-payload 
diagrams, miles. 

DESS 

m 

Descent speed, mph. 

FI 

m 

Fuel at maximum payload point on range-payload 
diagrams, pounds. 

F2 


Fuel at maximum fuel point on range-payload diagrams, 
pounds . 

FCK 

a 

Basic flight crew cost factor (for a crew of 2), dollars. 

GMT 

m 

Ground maneuver time, hours. 

H 

m 

Cruise altitude, feet. 


“Standard Method of Estimating Comparative Direct Operating Costs of Turbine 
Powered Transport Airplanes,** Air Transportation Association of America, 
December 1967. 
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NRCREW - 
NRENGN - 
NRSEAT “ 
NSL 

RCH 

RCSL - 
RL 

SL(I) " 

T 

U 

VA 

VE 

\mi 

WEN 

WGR 


Number la crew. 

Number of engines. 

Number of seats. 

Number of flight stage lengths (up to 12). 

Rate of climb at cruise altitude, feet per minute. 
Rate of climb at sea level, feet per minute. 
Maintenance labor rate, dollars per hour. 

Distance for the Ith stage length (I - 1 to NSL), mile 
Time factor in engine labor cost calculations. 

Annual utilization per aircraft in block hours. 
Airframe cost, dollars. 

Unit engine cost, dollars.* 

Aircraft empty weight, pounds. 

Unit engine weight pounds. 

Gross vehicle weight, pounds. 


Using these input parameters, various operational characteristics and 


direct operating costs arc computed for each of the flight stage lengths. 
The operational characteristics include speed, timcj and fuel consumption, 
which are computed using the following equations: 


CLL''B TIME (hours) 

CLT - 2 * H/((RCSL + RCH) * 60.0) 


DESCENT TIME (hours) 



(CLS * CLT + DESS * DEST))/CRS, 

0) - (CLS A CLT + DESS * DEST))/ 


Am 


CRUISE TIME (hours) 

CRT(I) » ((SL(I) + O.OIS * SL(I)) - 
If SL(I) ^ 1400 

■ ((SL(I) + 0.02 * SL(I) + 20. 

CRS, if SL(I) > 1400 
block time (hours) 

BT(I) - GMT + CLT + DEST + CRT (I) + 
block SPEED (mph) 

BS(I) - SL(I)/BT(I) 
block fuel (pounds) 

BF(I) <. WGR * 0.01 + rm PON //no 

- F2)/(D2 - DD) * SL(I) + 0.032 ((FI - F2)/ 

(D2 - Dl)) * CRS 
flight TIME (hours) 

FLTT(I) « BT(I) - GMT 
The equations for computing flight 


costs are; 


crcv, fuel and oil, and hull insurance 


flight crew costs ($/mile) 

CFC(I) - (WGR * S.OE - 5 + FCK)/BS(I) 

where fCK - FCK + ADDC * fNRCRPu ■» nx 

CNRCREW - 2.0i if NRCREH > 

fuel and oil costs ($/mile) 

CFO(I) - 1.02 * (COFL * BF(I) + 

hull insurance costs ($/mile) 

Cl (I) - .001 * VT/(U A DS(D) 

where VT « VA + VE * NRENGN 


NRENGN a 0.135 * COIL * BT(I))/SL(I) 
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TOTAL FLIGHT OPERATIONS COSTS ($/taile) 

CFOP(I) - CFC(l) + CFO(I) + Cl (I) 

Direct maintenance costs are computed for the airframe and engines using 
the following cost equations: 

AIRFRAME MAINTENANCE LABOR COSTS ($/mile) 

CLA(I) - RL * (FHAL * FLTT(I) FCAL)/SL(I) 
where WA » WEM - WEN * NRENGN 

FCAL - (WA * (5.0E - 5) + 6.0 - 630.0/(120.0 + WA * 

l.CE-3)) 

FHAL - 0.59 * FCAL 

AIRFRAME MAINTENANCE MATERIAL COSTS ($/mile) 

CMA(I) - (FHAM * FLTT(I) + FCAM)/SL(I) 

where FCAM - VA * 6.24E - 6 * 0.5 

FHAM - VA * 3.08E - 6 * 0.5 

ENGINE MAINTENANCE LABOR COSTS ($/mile) 

CLE(I) = RL * (niEL * FLTT(I) + FCE1.)/SL(I) 

where FCEL - (0.3 + T * 3.0:i-5) * NRENGN * 0.5 

FHEL - (0.6 + T * 2.7E-5) * NRENGN * 0.5 

ENGINE MAINTENANCE MATERIAL COSTS ($/mile) 

CME(I) « (FHEM * FLTT(I) + FCEM)/SL(I) 

where FCEM - VE * NRENGN * 2.0E-5 
CHEM =• VE * NRENGN * 2.5E-5 
MAINTENANCE BURDEN ($/raile) 

CMB(I) - 1.8 * (CLA(I) + CLE(D) 

TOTAL DIRECT MAINTENANCE COSTS ($/mile) 

CM(I) » CLA(I) + CMA(I) + CLE(I) + CME(I) + CMB(I) 
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Finally, nevnrnl adOlelonal direct operating costa ratios are conputed 
These include; 

DEPRECIATION OF FLIGHT EQUIPiMENT ($/mlle) 

CD(I) - 0 

TOTAL COST PER AIRCRAFT MILE (dollars) 

CAM(I) - CFOP(I) + CM(I) + CD(I) 

COST PER FLIGHT HOUR (dollars) 

CFH(I) - CAM(I) * BS(I) * BT(I)/FLTT(I) 

COST PER BLOCK HOUR (dollars) 

CBH(I) - CAM(I) * BS(I) 

COST PER AVAILABLE SEAT MILE (dollars) 

CASM(I) a CAM(I)/NRSEAT 

COST PER CRUISE MILE FOP THE AIRCRAFT (dollars) 

CACM - (CAM(2) * SL(2) - CAM(l) * SL(1))/(SL(2) - SL(1)) 

COST PER TAKEOFF FOR THE AIRCRAFT (dollars) 

CTO - (CAM(l) - CACM) * SL(1) 

COST PER CRUISE MILE PER SEAT (dollars) 

CSCM » CACM/NRSEAT 
COST PER TdAKEOFF PER SEAT (dollars) 

CSTO - CTO/NRSEAT 
COST PER AIRCRAFT TRIP (dollars) 

CPAT - CSTO + CACM * SL(I) 

COST PER SEAT TRIP (dollars) 

CPST » SCTO + CSCM * SL(I) 
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The direct operating costs (flight and maintenance) are also computed 
on a dollar per block hour basis. This is accomplished simply by multi- 
plying the dollar per mile cost figures by the block speed (BS(I)). 

The annual direct cost for an aircraft for use in the subsequent 
financial analysis is taken to be the direct cost per block hour for the 
first stage length, i.e., C3H(I), times the annual aircraft utilization, U, 
which is input by the user. 

Indirect Cost Calculations 

Within the OPLIFE model is embedded a methodology for estimating the 
indirect operating costs for the following indirect operating expenses: 

• Stewardess 

• Passenger food 

• Other passengers in-flight expenses 

® Aircraft servicing 

® Traffic servicing 

• Reservations and sales 

• Advertising and publicity 

® Maintenance for ground, property, and equipment 

• Depreciation and amortization of ground, property, and equipment 

• Deprecia’tion of maintenance equipment 

® General and administrative expense. 

The methodology is based on a set of parameters which are inputs to 
computer program. These parameters include: 
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All 


Flight operations expense (less rentals) in dollars 
per block hour. 


• AI2 

AIA 

AI5 
AI6 
AI7 

AI8 
AI9 

AIIO 
AIll 
AI12 
AI12A 
AI13 

AHA 
Alls 
AI16 
AI17 
Alls 
AI19 
AI20 


- Maintenance expense for flight equipment in dollars 
per block hour. 

Flight operations expense for rentals in dollars per 
block hour. 


• Dollar cost per stewardess per block hour. 

Food expense in dollars per passenger per block hour. 

- Cost of other passenger in-flight expenses in dollars 
per passenger per nlle, 

■ Aircraft line servicing expense per departure. 

Aircraft control servicing expense in dollars per 
block hour. 

• Landing fee per departure in dollars. 

- Passenger traffic servicing expense in dollars per passenger 

- Baggage traffic servicing expense in dollars per ton. 

- Cargo traffic servicing expense in dollars per ton. 
Reservation and sales expense per passenger in dollars. 

• Reservation and sales expense per passenger-mile 
in dollars • 

■ Reservation and sales expense for property in dollars 
per ton-mile. 

■ Advertising and publicity expense per passenger-mile 
in dollars. 


Advertising and publicity expense for property in dollars 
per ton-mile. 

^^aintenance expense for ground property and equipment 
.per departure in dollar:>. 

Expense for depreciation of general ground property, and 
equip-^ent and amortization per departure in dollara. 

Maintenance equipment depreciation factor. 



AI21 


I? 




I 


. / ' 


A>rr 

BAG 

CF(I) 


CLF(I) « 
CLS 
CRS 
CS 

CSTEW =1 
DESS 
DIS(I) » 


DPT(I) - 

FLF(T) « 

FOODR » 
FS 

FSTE^r/ « 
GMT ® 

H « 

NRSE.\T 
NSL 
RCH 
RCSL 
RTM 


General and administrative expense factor. 

Air maneuver time, hours. 

Baggage per passenger in pounds. 

Passenger trip circuitry factor for stage length I, 

I - 1 to NSL. 

Coach load factor (decimal) for stage length I, I ” 1 to NSL. 
Climb speed, mph. 

Cruise speed, mph. 

Number of coach scats. 

Average number of stewardessess in coach. 

Descent speed, mph. 

Passenger trip length in miles for stage length I, 

I « 1 to NSL. 

Departures per pasGenger-tr:'.p (flight basis) for stage 
length I, I » 1 to NSL, 

First class load factor (decimal) for stage length I, 

I » 1 to NSL. 

First class food expense factor. 

Number of first class seats. 

122 

Average number of stewardesses in first class. 

Ground maneuver time, hours. 

Cruise altitude, feet. 

Total number of seats in the aircraft. 

Number of state lengths (up to 17). 

Rate of climb at cruise altitude, foe*, per minute. 

Rate of climb at sea level, feet per minute. 

Tons of mail per flight. 
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KIP ■ Tons of property (cargo) carried per flight. 

U - Annual aircraft utilization In block houra. 

Ualng thea. paranetera, aeveral flight apeed and tin, characterlatlca 

are conputed for each of the flight atage lengtha. The eguatlona uaed are 
as follows: 


CLIMB TIME (hours) 

CLT ■ 2 * H/((PX*SL + RCH)* 60.0) 
DESCENT TIME (hours) 

DEST = CLT 
CRUISE TIME (hours) 


CRT(I) =. ((SL(I) + 0.015 * SL(D) 
If SL(I) 5 1400 


(CLS * CLT + DESS * DEST))/CRS, 


- ((SL(I) + 0.02 * SL(I) + 20.0) 
DEST))/ CRS, if SL(I) > 1400 

where SL(I) - DIS(I) 


CLS * CLT + DESS * 


BLOCK TIME (hours) 

TB(I) a GMT + CLT + DEST + CRT (I) + AMT 
BLOCK SPEED (mph) 

SB(I) - SL(I)/TB(I) 
flight TIME (hour) 

FLTT(I) a TB(I) - Gl-rr 

Using these computed flight characteristics and the input parameter 
values, the various indirect operating cost components in dollars per trip 
are conputed for each stage length as follows; 


FLIGHT OPERATIONS (LESS RENT/J.S) EXPENSE 
Cl (I) - All * TB(I) 
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MAINTENANCE EXPENSE FOR FLIGHT EQUIPMENT 
C2(I) - AI2 * TB(I) 

RENTALS OF FLIGHT EQUIPMENT 
C4(I) - AI4 * TB(I) 

STEWARDESS EXPENSE 

C8(I) - AI5 * (FSTEW + CSTEW) + TB(I) 

FOOD EXPENSE 

Cll(I) - AI6 * (FS * FLF(I) * FOODR + CS + CLF(I)) * TB(I) 
OTHER PASSENGER IN-FLIGHT EXPENSES 

C14(I) - AI7 a (FS * FLF(I) + CS > CLF(I)) * DIS(I) * CF(I) 
aircraft LINE SERVICING EXPENSE 
CIS (I) - AI8 * DPT (I) 

AIRCRAFT CONTROL SERVICING EXPENSE 
C16(I) - AI9 * TB(I) 

AIRCRAFT LANDING FEES 

C17(I) » AIIO * DPT(I) 

TOTAL AIRCPAFT SERVICING EXfLT IE 

TAS(I) » CIS (I) + C16(I) + C17(I) 

TRAFFIC SERVICING EXPENSE FOP, T ASSENGERS AND TAGGAGE 

C22(I) - (AIll + AI12 * LAv /2000) * (FS FLF(I) + CS * CLF(I)) 
TR/FFIC SERVICING EXPENSE FOR CARGO 
C23(I) - AI12A * (RTM + RTF) 
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TOTAL TRAFFIC SERVICING EXPENSE 
TTS(I) » C22(I) + C23(I) 

reservation and sales expense for passengers 

C26(I) - (AI13 + AI14 ^ DJSd) * CF(I)) * (FS * FLF(I) + CS * CLF(I)) 
RESERVATION AND SALES EXPENSE FOR PROPERTY 

C27(I) » RTP * Alls * D.S(I) * CF(I) 

TOTAL RESERVATION AND SALES EXPENSE 
TPS (I) - C26(I) + C27(I) 

ADVERTISING AND PUBLICITY EXPENSE FOR PASSENGERS 

C30(I) - AI16 * (FS * FLF(I) + CS + CLF(I)) * DI3(I) * CF(I) 
ADVERTISITNG and PUBLICITY EXPENSE FOR PROPERTY 
C31(I) » RIT * a:17 * DIS(I) * CF(I) 

TOTAL ADVERTISING AND PUBLICITY EXPENSE 
TAP(I) = C30(I; + C31(I) 

MAINTENANCE EXPENSE FOR GROUND PROPERTY AND EQUIPMENT 
C32(I) Alls * DPT (I) 

depreciaiio» of general grounl property and equipmen-:- a.® amoriieaiion 

C33(I) = AI19 * DPT (I) 

DEPRECIATION OF MAINTEI^ANCE EQUIPMENT 
C34(I) - AI20 * ((C2(I) + C32(D) 

GENERAL AND ADMINISTRATIVE EXPENSE 




TOTAL INDIRECT EXPENSE 


cisfn t + ci4(i) + 

C27fij : Sog : : SyS,* ^ 


C36(I) =. 


C8(I) + Cll(I) + C14(I) + CIS (I) 
C22(I) + C23(I) + C26(I) + C27(I) 
C32(I) + C33(I) + C34(I) + C3S(I) 


+ C16(I) + C17(I) + 
+ C30(I) + C31(I) + 



In addition, several indirect cost ratios are computed. These Include; 
INDIRECT COST PER AIRCRAFT MILE 
CAM(I) « C36(I)/SL(I) 

INDIRECT COST PER FLIGHT HOUR 
CFH(I) - C36(I)/FI.TT(I) 

INDIRECT COST PER BLOCK HOUR 
CBH(I) - C36(I)/TB(I) 

INDIRECT COST PER AVAILABLE SEAT MILE 
CASM(I) - CAM(I)/NRSEAT 
INDIRECT COST PER CRUISE MILE 

CACM - (CAM(2) * SL(2) - CAM(l) * SL(1))/(SL(2) - SL(1)) 

INDIRECT COST PER TAKEOFF 

CTO - (CAM(l) - CACM) * SL(1) 

INDIRECT COST PER AIRCRAFT TRIP » CTO plus CACM per mile 
INDIRECT COST PER CRUISE MILE PER SEAT 
CSCM " CACM/NRSEAT 
INDIRECT COST PER TAKEOFF PER SEAT 
CSTO » CTO/NRSEAT 

INDIRECT COST PER SEAT TRIP - CSTO plus CSCM per mile 

For the purposes of the subsequent financial analysis, the annual 
Indirect cost for an aircraft is taken to be the indirect cost per block 

hour for the first stage length; i.e., CBH(l), times the input value 

nf the annual aircraft utilization, U. 

The sua of the annual direct and indirect operating costs for a single 

aircraft for flights in the first stage length is assumed to be the total 

annual operating cost in the subsequent financial analysis. The operating 





costs in each of the years during the lifetime (set at 15 years) of the 
aircraft are identical since inflation is set at zero. The financial 
analysis includes computation of the purchase load repayment schedule, 
depreciation, earnings and taxes, cashflow, tax adjustments (due to loss 
carryovers and capital gains) and internal rate of return on investment. 

These computations, which are performed for each of the eleven aircraft 
prices analyzed ($5,000,000 through $30,000,000 in increments of $2,500,000), 
are described belcw: 

Loan Repayment Schedule 


It is assumed within the model that the airline borrows 60S of the 
aircraft price at 10^ annual interest rate. This loan is repaid by equal 
annual ca»h payments over the economic life of the aircraft (15 years). The 
amount of cash payment (M) is computed using the following standard formula: 


M 


p Ml + 1)^ 

(1 +!)"-! 


( 10 ) 


where 

P " amount of loan 

i ■ annual interest rate 

N ■ total number of annual payments. 

In addition, the amount of interest paid in each year is computed by 
applying the interest rate to the outstanding principal. The amount of 
principal payment in a year is the difference between M and the interest. 

Depreciation 

The aircraft is depreciated using the double declirlng baJance 
method to the midpoint of the economic life and the straight-line method 
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for the remaining period. Aircraft are deprecioted over a 15-year life 
to u 15S: residual (salvage) value, and the sale at this residual value 
is retlecced in the net cash flow. 

Earnings and Tax es 

earnings before interest and taxes are calculatad by subtracting both 
operating costs and depreciation from the annual revenue. Earnings before 
tax ij cslculat».d subtracting interest payments from the earnings before 
interest and taxes. Income tax payments are calculated by applying a cor- 
porate income tax rate (set to 48 percent) to the earnings before tax. 
Finally, net earnings are obtained by subtracting the income taxes paid 
from the earnings before tax* 

Cash Flow 

The net cash flow for each year under study is calculated by subtracting 
total cash outflows from total cash Inflows. Cash inflows consist of annual 
revenue plus salvage value from the sale of the aircraft at the end of its 
economic life. Cash outflows consist of the initial capital Investment, 
principal payments. Interest costs, operating costs and income taxes. 

Tax Ad1 :.s t meats 

The tax adjustments are intended to account for corporate practices 
in the treatment of operating losses and capital gains and losses. Positive 
values of revenue can be offset by losces being carried back up to 3 years 
or forward up to 5 years. However, the algorithm used is not general. 
Carry-back of losses is not properly implemented. Carry-forward of losses 
works properly only when all loss?s occur in the early years of the aircraft 
life with gains in later years. Once a gain is realized in a given year, any 
loss in a subsequent year may not be handled properly. 


134 



Capital gains tax is computed on the residual value of the aircraft 
at a rate of 22 percent if the value is less than $25,000. or at 30 percent 

if the value if $25,000 or more. However, this treatment is inconsistent 
with the earlier calculations of depreciation which are performed only to 
the residual value of the aircraft, not to zero. 

After the tax adjustments are made, adjusted earnings, taxes and net 
cash flow are computed for use in estimating rates of return. 

I nternal Rate of R eturn on Investment- 

The final stap 1„ the aathodology of tho Air Carrlor Module la to 
deploy an Iterative technique to caloulate the Internal rate of return for 
each net cash flo» sanerated. The Internal rate of return (or narglnal 
efficiency of Investment) la that rata of Interest or return uhleh vould 
render. the discounted present value of Its enpectad future marginal yields 
(income) enactly equal to the Investment cost of the pro)ect. 

Since both the Investment costs and the Income are spread over 
tine, the Internal rate of return sought Is that uhleh reduces the summed 

present va.t„e of the cash flo» stream over time to aero. The cash flou 
stream sum can be represented as: 

• (ife )'=‘'i ■■■ * (m)\ (11) 

where R » internal rate of return 
CF^ “ cash flow In year i , 

The Iterative procedure ostlmates values for R. calculate, the Sb« 
above using the cash flou figures previously generated, performs tests 
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I 


to determine if SUM is approaching aero, then oucceaoively 

chooses new values for R in attempting to obtain a value for SUM closer 
to zero. 

The procedure is initialized by selecting a small Initial value for 
R (40.01 or -0.01, depending on whether the final sum of the input cash 
flow is positive or negative, respectively ) . The incremental value for R 
used during iteration is 0.001 . The iteration procedure continues until 
the discounted cash flow sum is near (or equal to) zero. At every tenth 
cycle of the iteration procedure and for the final values, the internal 
rate of return value and the sun of the discounted cash flow are 
printed. 

The program code for the Air Carrier Module provides output lists 
and tables that summarize the calculations being performed. Outputs in- 
clude Initial investment costs, listings of input parameters, summary 

tables of direct and indirect operating costs, total operating costs, 
depreciation and net earnings values, cash flew, capital gains values, 
rate of return on investment and associated discounted cash flow sums 
during iterations and final values, and final summary tables by year show- 
ing annual revenue, initial investment, principal payments, operating 
cost, depreciation, earnings before interest and taxes, interest, 
earnings before tax, income tax, net earnings, net cash flow, discount 

factors (with associated rate of return), discounted cash flow, and net 
present value. 

In the remainder of this chapter, detailed descriptions of the program 
logic, input, and output for the Air Carrier Module are provided. 
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B . Program Lo.^ic 

Figure 28 illustrates the interrelationships among the routines 
which make up the Air Carrier Module program. Program OPLIFE is an 
independent main program that controls the rest o< the subroutines com- 
prising the Air Carrier Module in a series of calls to produce aircraft 
operating cost and financial performance data for varying aircraft 
initial prices. Brief descriptions of each subroutine in the Air Carrier 
Module, together with flowcharts of the program logic, follow. 

OPLIFE 

The OPLIFE program serves as the controlling driver for the ocher 
subroutines in the Air Carrier Module. A flowchart of the program logic 
for OPLIFE is shown in Figure 29. OPLIFE sets a basic aircraft price of 
$5,000,000. then calls subroutine INPUT which initializes program parameters 
calls subroutine DIRECT to compute and print direct operation costs, and 
calls subroutine INDIP. to compute and print indirect operating costs. 

The operating costs for each year of the economic life of the aircraft are 
sec equal to Che sun of the computed annual direct and indirect costs for 
one aircraft. For each year in the 15 year life of the aircraft, sub- 
routines are called by OPLIFE to calculate a repayment schedule for the 
financed portion of aircraft cost (REPAY), a depreciation schedule (DEPSUB), 
and earnings and ta.x data (NETSUB). OPLIFE then calls subroutines to cal- 
culate Individual and cumulative sums by year for computed income, cost 
and tax data (SUM), cash flow (CFSUB) , tax adjustments for operating 
losses and capital gains (T,U) , cash flow with tax considerations 

(CFSUB), and internal rates of return on investment. OL’TPUT is then called 
to print results. 
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Figure 28 




! 



Figure 29 Flowchart of Program OPLIFE Logic 
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CALL-SU II.- 

COMPUTE INDIVIDUAL. YEARLY 
AND CUIIUUTIVE SUMS FOR 
INCOME, COST, AND TAX 
STATISTICS. 


Vj 

CALL CFSUD 

CALCULATE INdTviDUAL YEARLY 
AND CUJFJLATIVE CASH FLOW 


- \!/ 

CALL TAX 

COMPUTE ADJUSTMENTS FOR 
OPERATING LOSSES AND 
CAPITAL GAINS AND LOSSES 




CALL CFSim 

RECALCULATE CASH FLOW 
WITH TAX CONSIDERATIONS 


CALL DCFSUB 
CALCUUTE RATE OF 
return on INVESTMENT 


nV 

CALL OUTPUT 

PRODUCE OUTPUT TABLES 
SUl^MARIZING C/VLCULi'vTIONS 



^ END ^ 


Figure 29 (Concluded) 









The above analysis is repeated for 11 aircraft prices. The aircraft 
prices range from $5,000,000 to $30,000,000 in increments of $2,500,000. 

Ih?UTS 

A flowchart of the program logic for subroutine input is shown in 
Figure 30. This subroutine sets various program parameters, then computes 
and prints initial investment by year. The initial investment is assumed 
to be 40% of the aircraft price, paid upon purchase. Hence, the initial 
investment will always be Incurred in year 1, with zero investment in 
years 2 through 15 of the economic life* 

Next, subroutines DIRECT and INDIRECT are called to compute direct 
and indirect operating costs, respectively. The operating cost for each of 
the 15 years of life is then set equal to the sum of the computed nual 
direct and indirect operating cost for a single aircraft for flights in the 
first stage length. This cost is then printed for each year. 

DIRECT 

Embedded in subroutine DIRECT are the direct cost equations described 
in Section IV. A (Direct Cost Calculations) • A flowchart o»* the logic is 
provided in Figure 31. The first step in the program is to read and 
print the direct cost equation parameters. Direct costs for u single 
aircraft are then computed and printed on a per mile basis for eaclv of the 
up to 12 input stage lengths. Direct costs are then computed and printed 
on a per block hour basis. 

Based on the input aircraft utilization in block hours per year, the 
annual direct cost of operating an aircraft for flights in the first stage 



SUBROUTINE 
INPUTS 




INITIiVLIZE 

PROGRAM 

PARAMETERS 




COMPUTE AND PRINT 
INITIAL INVESTMENT 
BY YEAR 




CALL DIRECT 


READ DIRECT COST 
PARAMETERS, COMPUTE 
AND PRINT DIRECT 
COSTS 




CALL INDIR 


READ INDIRECT COST 
PARAMETERS, COMPUTE 
AND PRINT INDIRECT 
COSTS 


COMPUTE AND PRINT 
OPERATING COSTS FOR 
ONE MRCRSFI FOR EACH 
YEAR OF LIFE 


__ _ _ 

Q RETURN ^ 


Figure 30 Flowchart of Subroutine INPUTS Logic 


142 





I — 

/ READ AND PRIOT 
/ DIRECT COST PARAI1ETERS 


/ CALCULATE AND PRINT 

DIRECT OPERATING COSTS 
ON A PER MILE BASIS 
FOR EACH STAGE LENGTH 


± 

/ CALCULATE AND PRINT 

/ DIRECT OPERATING COSTS 

/ ON A PER BLOCK HOUR BASIS 

/ FOR EACH STAGE LENGTH 





COMPUTE ANNl 
OPERATING C( 
AIRCRAFT FOI 
STAGE LENGTl 

JAL DIRECT 
)ST FOR AN 
I THE FIRST 
1 





c 


RETURN 


) 


Figure 31 Flowchart of Subroutine DIRECT Logic 
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length is computed. This is the direct cost figure used for subsequent 
financial analysis. 

INDIR 

Within subroutine INDIR is encoded the indirect cost equations 
described in Section IV. A (Indirect Cost Calculation.:). As indicated 
in the flowchart of subroutine INDIR logic provided in Figure 32, the 
first step in the logic is to read and print the indirect cost parameters. 
Next, the indirect costs are computed on a per trip basis for each of 
the up to 17 stage lengths. These costs are later printed. The annual 
cost of operating an aircraft or flights in the first stage length category 
is computed by multiplying the indirect cost per block hour by the input 
annual hours of utilization. This is the indirect cost used in the subsequent 
financial analysis. 

REPAY 

The logical flow for subroutine REPAY is shovm in Figure 33. This 
subroutine computes the aircraft purchase loan repayme »t schedule. The 
constant annual loan payment due in each year of the economic life of the 
aircraft is computed using the formula described in Section IV. A (Loan 
Repayment Schedule) . The interest and principal portions for each payicent 
are then computed. 

PEP SUB 

Subroutine DEPSUB calculates depreciation, book value, and salvage 
value over the economic life of the aircraft. Depreciation is calculated 
using the double-declining balance method (DEPR) to the midpoint of the 
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SUBROUTINE 
iiroiR 




READ AND PRINT 
INDIRECT COST PARAMETERS 




CALCULATE 
OPERATING 
PER TRIP Bi 
EACH STAGE 

ENDIRECT 
:OSTS ON A 
^SIS FOR 
LENGTH 

\ 

/ 

CALCULATE AI^IWAL INDIRECT 
OPERATING COST FOR AN 
AIRCRAFT FOR THE FIRST 
STAGE LENGTH 





Figure 32 Flowchart of Subroutine ItJDIR Logic 




/SUBROUTINE \ 
\ REPAY / 


± 

COMPUTE CONSTANT 
ANNUAL LOAN 
PAYMENT 


± 

SET 

YEAR « 1 



Figure 33 


Flowchart of Subroutine REPAY Logic 
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economic life (in this case for 7 of 15 years)* and the straight-line 
method for the remaining period (in this case 8 years). The aircraft is 
depreciated to a residual value (in this case 15 percent) at the end of 
the economic life. A flowchart of the program logic for DEPSUB is shovm 
in Figure 34. 

NETSUB 

Subroutine NETSUB' calculates earninas before interest and taxes* 
earnings before taxes, income tax, and net earnings. Earnings before 
interest and taxes is calculated by subtracting both operating costs and 
depreciation from annual revenue. Earnings before taxes is calculated by 
subtracting interest payments from earnings before interest and taxes. 

Income tax is calculated by multiplying earnings before taxes by the 
corporate tax rate (in this case 48 percent). Finally, net earnings are 
obtained by subtracting the income taxes p.'.id from the earnings before 
taxes, A flowchart of the program logic for NETSUB is shown in Figure 35. 

SUM 

Subroutine SUM calculates individual yearly and cumulative sums 
over all years for annual revenue, initial investment principal payments, 
operating cost, total depreciation (equal to the sum of double-declining and 
straight-line depreciat5.on) , earnings before interest and taxes, earnings 
before taxes, interest payments, income taxes, and net earnings. Also 
comnuted are yearly values for salvage, double-declining depreciation and 
straight-line depreciation. A flowchart of the program logic for SUM is 
shown in Figure 36. 
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CONSIDER . 
NEXT YEAR 


Figure 34 
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Flowchart of Subroutine DEPSUB Logic 
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Figure 35 Flowchart of Subroutine NETSU3 Logic 
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SUBROUTINE 

SUM 


CAJXULATE YEARLY AfTO CUMULATIVE 
SUMS FOR: ANNUAL REVENUE, INITIAL 
IN\^ESTMENT, PRINCIPAL PAYMENTS 
OPERATING COSTS, DEPRECIATION 
earnings BEFORE TAXES AND INT^EST 
EARNINGS BEFORE TA>CES, INT’^REST * 
PAYMENTS, INCOME TAXES, NET 
earnings, and SALVAGE VALUE 


WRITE INDIVIDUALLY BY YEAR: 
DOUBLE-DECLINING DEPRECIATION 
STRAIGHT-LINE DEPRECIATION, A*W 
TOTAL DEPRECIATION 


I 


^ RETURN ^ 


Figure 36 Flowchart of Subroutine SUM Logic 





CFSUB 


Subroutine CFSUB calculates the net cash flow for each year under 
study. Net cash flow is obtained by subtracting the sura of initial 
capital investnent, principal payments, interest payments, operating 
costs, and income taxes from cash inflow, i.e., the sura of annual revenue 
and salvage. A flowchart of the program logic for CFSUB is shown in 
Figure 37. 

DCFSUB 

Subroutine DCFSUB computes and prints the interval rate of return on 
investment (R) for each cash flow generated by subroutine CFSUB, An 
iterative procedure is employed as described in Section IV. A (internal 
Rate of Return on Investment). The iterative procedure utilizes a current 
trial rate of return (R) and its two iterative predecessors (RR and RRR) . 
The sura of the discounted cash flow (SUM) is biased by -9000 to obtain a 
biased cash flow sum (K) and its two iterative predecessors (KK and KKK) 
for test purposes. The procedure is initialized by selecting a small 
initial value for R (+ 0.01 or -0.01 depending on the corresponding sign of 
the cash flow sum). Using the estimate for R, a cash flow SUM is generated 
and biased to obtain K. Successive tests are performed to determine if 
the value for SUM is near or equal to zero. Then the value for R is 
incremented by 0.001 and the process is repeated until the- test conditions 
are met. A flowchart of the program logic for DCFSUB is shown in 
Figure 38. 
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( subroutine) 

\ CFSUB / 


COMPUTE THE CASH 
FLOW FOR EACH YEAR 
UNDER STUDY 


\l/ 


WRITE THE CASH 
FLOW FOR EACH 
YEAR 


COMPUTE THE CUMULATIVE 
CASH FLOW OVER 
ALL YEARS 


RETURN 


■) 


Figure 37 Flowchart of Subroutine CFSUB Logic 
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CALCULATE PRESENT VALUE 
FACTOR FOR EACH YE^VR, 
THEN COMPUTE CASH FLOW 
SUM FOR THIS R AND SET 
BUSED SUM VALUE - K 



RESET (SAVE) LAST 
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R AND K 



WRITE R & K 
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OF MAIN LOOP 
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1 
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<0 
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C.\LCULATE 
CUMULiVTIVt SUM 
OF DISCOUNTED 
CASH FLOW 




WRITE FINAL RATE 
OF RETURN (R) AND 
BIASED SUM (K) 


^ RETURN ^ 


Figure 33 Flowchart of Subroutine DCFSUB Logic 
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TAX 


Subroutine TAX provides logic for tax adjustments due to carry-forward 
of operating losses and computing capital gains tax on the residual value of 
aircraft. Limitations and shortcomings of the methodology are discussed 
in Section IV. A (Tax Adjustments). Some code for providing for carry-back 
of losses exists but is never executed because of the structure of the 
program; it is, therefore, not included in the logical flowchart of sub- 
routine TAX provided in Figure 39. 

Subroutine TAX operates by considering each successive year beginning 
with the first. If there Is a loss, it is carried forward against future 

operating profits for up to five years. The carry-forward process stops 
in the first year that a positive income (after adjustment for past losses) 

occurs • 

After the carry-forward process is completed, earnings before taxes, 
net earnings, and income taxes are recalculated. Then, cumulative total 
depreciation is computed. 

Next, long term capital gains with capital gains tax arc computed 
based on the residual value of the aircraft. The capital gains tax rate 
used is 22 percent if the capital gain in any year is less than $25,000, 
or 30 percent if the gain is $25,000 or greater. New values for net 
earnings and income tax are calculated, including capital gains and capital 
gains taxes. Cumulative sums are also produced for earnings before taxes, 
net earnings, and income taxes. 
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SUBROUTINE 
TAX / 


SET SINCOM 
EQUAL TO EARNINGS 
before TAXES 
_ for each year 


YEAR - 1 


SINC0M\, 
for YEAR>g, 


CARRY LOSSES FORWARD UP 

resetting 

SINCOM FOR FUTURE YEARS 


CONSIDER 

next year 


LAST ^ 
''EAR DONE 


^SET EARNINGS BEFORE TAXES TO SINr'M. 
CO^UTE NEW NET EARNING^InS^' 
and CUMULATIVE TOTAL DEP^CIATWN 


recompute net EAP^’INGS and TN 

COKE TAX UIIK CAPII,^™ TM 


BEFORE TaU, net EARNINGS, AND I.N’COMl' 
TAX 


return 


Figure 39 Flowcharc of Subroutine TAX Logic 
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OUTPUT 


Subroutine OUTPUT is called to produce summary tables of the major 
parameters calculated by the Air Carrier Module, One basic table is 
produced which is printed on two pages because of the number of columns 
of values to be output. The values printed summarize information about 
each year of operation, with a cumulative total appearing as the last 
line for all appropriate columns. The printout includes values for 
annual revenue, initial investment, principal payments, operating costs, 
cumulative depreciation, earnings before interest and taxes, interest, 
earnings before tax, income tax, net earnings, cash flow, discount factors 
far associated rate of return (R), discounted cash flow, and net present 
value (or cumulative discounted cash flov;) • A flowchart of the program 
logic for OUTPUT is shovm in Figure 40, 

Additional programmer-oriented documentation is provided in the 
appendices. In Appendix A, definitions of the common blocks and variables 
are provided. A listing of the FORTRAN code for the routines is provided 
in Appendix E. 



! 


/ 



/s 


, I 


SUBROUTINE ) 
OUTPUT / 


PRINT BY YEAR VALUES FOR: 
ANNUAL REVENUE, INITIAL 
INVESTMENT, PRINCIPAL 
PAYMENTS, OPERATING COST, 
CUMULATIVE DEPRECIATION, 
EARNINGS BEFORE INTEPUST 
AND TAXES, AND INTEREST 


Jl 


PRINT BY YEAR VALUES FOR: 
EARNINGS BEFORE TAX, IN- 
COME TAX, NET EARNINGS, 
CASH FLOW, DISCOUNT FAC- 
TORS FOR RATE OF RETURN, 
DISCOUNTED CASH FLOW, AND; 
NET PRESENT VALUE 


- 

RETUIUlJ 


Figure 40 Flowchart of Subroutine OUTPUT Logic 
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C. Input 

The input data to the Air Carrier Module is in card format and is 
read from logical unit 5. The input file is described in Table 22 where 
a description of each entry in this file is provided. Cards 1 through 4 
are read by subroutine DIRECT and cards 5 through 16 are read by subroutine 
INDIRECT. The variable values read in by a routine are those used in calcu- 
lations within that routine. Thus, the variables on cards 1 through 4 are 
those used in computing direct operating costs, while those on cards 5 
through 16 are used in computing indirect operating costs. 

Cards 2 and 5 are comment cards to be used as titles for output listings. 
Any combination of characters may appear on these card types except those 
duplicating computer- control cards for the installation running the program. 
All ocher cards use the FORTRAN Namelist moc. s the input of 

constant values for all cv only some of the varii.,., -»ing to the named 

list. The associated namelist is shown for each of chea«. ca In Table 22. 
Variables and their values can appear in the input stream in any order in 
the form "NAME = VALUE", where can be a variable name, an array name, 

or an array element name; and where VALUE can be a single constant or a 
list of constants when NAME is an array name or an array element name. 

Only columns 2 through 30 of the input cards may be used ( :olumn 1 must be 
blank). The input list begins with "$NAMELIST" followed by at least one 
blank character, followed by the desired list of input variables (NAME = 

VALUE) ,• and terminated by a "$". This format allows the selective changing 
of some (or all) of the input parameters without specifying values for all 
the input variables as i? the case with fixed format inputs. 
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Table 22 


CAiiD INPUT DATA FOR THE AIR CARRIER MODULE 


Ca rd 

Parameter 

Format 

1 

U 

I-’t-ger 

(Namelist 


RL 

Red 

NSTACE) 


NSL 

Integer 


SL(I) 

Real 


FCK 

Real 


ADDC 

Real 


COFL 

Real 


COIL 

' Real 

2 

XNAME(20) 

20A4 

3 

U 

Real 

(Namelist . 


ku:;l 

Real 

NPLANE) 


K(;u 

Real 


CLS 

Real 


CRS 

^eal 


DESS 

Real 


cm 

Real 


AMT 

Real 


wca 

Real 


FI 

Real 


D1 

Real 


Description 

Annual aircraft utilization In block hours. 

Maintenance labor rate In dollars per hour. 

Number of flight stage len'^ths (up to 12). 

Length of stage length I in miles, I • 1 to HSL. 

Basic flight crew cost factor (for a crew of 2) 
in dollars. 

Costs of added flight crew (over 2) In dollars. 

Cost of fuel In dollars per pound. 

Cost of oil in dollars per gallon. 

Comment card containing heading for direct 
operating cost output table. 

Cruise altitude In feet. 

Rate of climb at sea level In feet per minute. 

Rate of climb at cruise altitude In feet per minute. 
Climb speed In miles per h^ur. 

Cruise speed In miles per ho^r. 

Descent opeed In miles per hour. 

Ground maneuver time In hours. 

Air maneuver time In hours. 

Gross vehicle weight In pounds. 

Fuel at maximum payload point on range-payload 
diagrams in pounds. 

Distance at maximum payload point on range-payload 
diagrams In miles. 


“'k * « na»«Ust. Thu namelist associated with each card 

Is Indicated. More than one physical card may be used for any namelist Input. 



/ 


Parameter 


XilAKE(20) 



22 (Continued) 



“ s;;r 

Alrfraoe cost In dollars. 

Unit engine coat In dollars. 

Aircraft empty weight In pounds. 

Unit engine weight In pounds. 

Time factor in engine labor coat calculation .. 
Nuclier in crew. 


Number of engines. 

Number of seats. 

Aircraft nunber for this set of Input data, 
(Since the number of aircraft la sec equal to 
one In the prograa. MPUHE Bust equal 1.) 

SET equal to zero. If previously read HST.1CE 

HSTAGE naaeJlat Is to be entered to override 
P^-vioualy read values. 


If hUSTAC |» 0. nanellat NSTACE la entered here, 
ihe^foraat for this card Is Identical to that of 


CoEuent card containing heading for Indirect 
Operating cost output table. 
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Tatle 22 

(CoriCloued) 


Card 

?£ raaecer 

Porc/it 

Deucrlpclon 


11 

(iLnntillit 

Aid 

keal 

Aircraft llrie aervlcinj^ expense lo dollars per 
departure. 


AC^tk'/) 

A19 

iu:al 

Aircraft control aervlclrig expense la dollars 
per block l«our » 



Alio 

Real 

Landing fee per departure in dollars. 


12 

OUtusiiBt 

AIll 

Real 

Passenger traffic servicing expense In dollars 
ptr pasetfiger. 

i 

TkAfl') 

AI12 

SUral 

traffic servicing expense lo dollars per too. 



AU2A 

Riral 

Cargo traffic servlrlng expense lo dollars per ton. 



SAC 

Real 

Rrfggage per passenger In pounds. 

*/ 

f 


kTM 

fU;al 

Tons of Bkall carried per flight. 

I 

/ 


StTP 

Real 

TofiS of property (cargo) carried per flight. 

H 13 

(fU pel lac 

All 3 

Real 

Reservation arid sales expense per passenger in dollars. 

/■ 

fclS) 

AllA 

Real 

Reservation and sales expense per passenger-tille 
in dollars. 



Alls 

Real 

Reservation and sales expense for property in dollars 
per ton^nlle. 



DC? 

Real 

Fraction of RIP that Is express cargo. (Tlie value 
Input does rviit affect costs.) 


14 

(Haacllac 

AI16 

Real 

Advertising and public It/ expense per passenger-al le 
In dollars. 


ALV) 

All 7 

Real 

Advertising ar^l publicity expense for property la 
dollars per ton-&lle. 


n 

(iCiael lac 

Aiie 

Real 

Kalotenance expense for groursl property and 
e/’ 4 ulps*ent per departure In dollars. 



AI19 

Real 

Expense for depreciation of general groued property 
arid equlpsent arid aaortlratlon In dollars per 





departure. 








Table 22 (Concluded) 


Card 

Fa raiaeter 

Format 

15 

(Namelist 

AI20 

ifeal 

main 

A12 

keal 

(Name list 

AI21 

Real 

CElUbM) 

All 

Real 


AI4 

Real 


description 


Halncenance equipment depreclacloa factor. 


Maintenance expense for fllgl 
dollars per block hour. 


it equlpckent In 


General and administrative expense factor. 


night operations expense 
dollars per block hour. 


(less rentals) In 


Flight operations expense for rentals 
per block hour. 


In dollars 



\ 


The Information provided In Table 22 lo of eufflelent detnll to 
enable a eeer to prepare Input data for the Air Carrier Module. Houever. 

to remember that a number of major program varlablea are 
not input parameters but are •■bard-ulred'’ Into the program modules then, 
selves. Changing these parameters requires modifying the program code, 
"hen preparing Input, It may be useful to refer to the listing of the 
input data for the sample problem in Section V. 

D, Output 

The Air Carrier Module output consists of printout shoving the values 
of input parameters, computed direct and Indirect operating costs, and 
various statistics computed In the financial analysis (Including deprecia- 
tion, earnings, cases, cash flovs, and rate of return on Investment). A 
detailed description of the form and content of this printed output Is 
provided here, to facilitate this description, escerpts from the output 

of the sample problem (see Section V) are presented In Tables 23 through 
39. 

The printout begins ..ith a display of the initial investment cost 
(IXTim in dollars for the aircraft In each of the 13 years of economic 
life for the Initial trial aircraft price of S5.000.000. This output Is 
.traced In Table 23. It Is printed by subroutine ISPOTS. Since 
the initial Investment cost. l.e.. the portion of the aircraft purchase 
price not borrowed. Is assumed to be Incurred In the first year, all entries 

In Table 23 are taro except for the flrst.vhlch will be equal to 402 of the 

purchase price. 

The information Illustrated In Tables 24 and 25 are printed next by 
subroutine DI.UCT. Table 24 provides a printout of the Input values for 
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IHUMV* 

INTINV* 


Table 23 

SAMPLE PkXNTOUT OK lUlTIAL IKVESTKEMT COSTS BV YEAR 


•zoooetcr 0* 

C. u* 


Om 0* 0. 0. 

0» 0. Q*> 


0. 0* 


Table 24 

S/>1PLE PRINTOUT OF INPUT VALUES FOR NAMELIST NSTACE 


iNSTAGE 

U • .3079e^04# 

RL • •8E^0l» 

NSL ■ 4» 

SL • ,575EtOJ# ,USE«D4» .1726£»34» •27£»04» 3*0» 3*0» ^* 0 p 0*0# 0*0# 0*0» 0*0» 

FCk • .Z£»03» 

Aooc • ./e^oz* 

COFL • .4779^-01# 

cult ■ • 277 BE^Ol# 


lEMD 



■ > 


/ 



■ I 


Tabu 2S 

SAMPLE PRINTOUT OF INPUT TABLE HEADING AND VALUES FOR NAMELIST NPLLNE 


•FROP FAN ♦ 


snplane 


H 

• .3E*05, 

RCSL 


RCH 

• .X75£+04» 

CLS 

• .A£*03» 

CRS 

• .5^2E*03» 

DESS 

• .3E+03» 

C«T 

• .15E»00» 

inx 

■ .l6t*00. 

MGR 

• .2691E»06, 

Fi 

• .n2E»09r 

01 

• .575E>03. 

F2 

• «198E*05» 

02 

• .1115E+05. 

VA 

• »197e*08» 


• .1765E»07» 

MEH 

• •ie49E*Ob> 

WEN 

• ,1A83£*05» 

T 

• ,37<t£ + 05. 

nRCREw 

• 2* 

NRENGN 

• 2» 

NRSEAT 

• 171, 

rtPLANt 

• 1, 


NUSTAC ■ 0> 
tiHO 
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namelist NSTAGE (see card 1 in Table 22). Table 25 provides a printout of 
the input table heading (card 2 in Table 22), followed by a printout of the 
input values for namelist NPL.\NE (card 3 in Table 22). Another table like 

chat illustrated in Table 24 may follow if input parameter NUSTAG is non- 
zero. 

Subroutine DIRECT next prints the direct operating costs illustrated in 
Tables 26 and 27. These costs are calculated using the equations provided 
in Section IV. A (Direct Cost Calculations). Table 26 provides computed 
direct operating costs in dollars per aircraft mile for each of the input 
flight stage lengths. Table 27 provides direct operating costs in dollars 
per block hour for each stage length. 

Next, the input parameters for the indirect cost calculations are printed 
by subroutine INDIR. This printout is illustrated in Table 28. It contains 
a printout of the input table heading as well as the values of namelists 
NPLANE. NSTAGE, STEWS, FOOD, PAXFLT, ACSERV, TRAFF, RES, ADV, M.AINT, and 
GENADM (see cards 5 through 16 in Table 22). As illustrated in Table 29. 
subroutine INDIR next prints computed indirect operating costs on a dollar 
per trip basis for each of the input flight stage lengths. These costs are 
computed using the indirect cost equations described in Section IV. A (In- 
direct Cost Calculations). 

The next printed output is provided by subroutine INPUTS and is 
illustrated in Table 30. This table provides the total operating costs for 
an aircraft in each of the 15 years analyzed. This cost is taken to be 
the sum of the computed an.nual direct and indirect operating costs for a 
single aircraft operatiig in flights with the first stage length. The 
total operating costs in each year will be equal since inflation is set 
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Table 26 

SAMPLE PRINTOUT OF DIRECT OPERATING COSTS PER AIRCRAFT MILE 

I 

t PER AIRCRAFT HUE 
♦PROP FAN • 



CRUISE altitude (FEET) 

30000. 





STAGc length (HUES) 

575. 

1150* 

1726* 

2700. 


Block speed (hph) 

377. 

442. 

4^2. 

485. 


SLOCK TIME (HOURS) 

1*525 

2.602 

3.734 

5.567 


flight time (HOURS) 

1*365 

2.4^2 

3.574 

5.407 


CRuISE time (HOURS) 

• 842 

1.919 

3*051 

V.334 


SLOCK fuel (POUNDS) 

11200. 

19800. 

28300.1 

34300.. 


o.o»Ct Factors (Input) - ann utilizatiqn(hr )« 3379, la 33 r rateia/hr)* a. 00 

DIRECT OPERATING COSTS 


flying Operations costs 


FLIGHT CREW 

.566 

• 433 

• 462 

.440 

FUEL AND niL 

• 952 

• 641 

• 815 

.621 

HULL INSURANCE 

• 020 

.017 

.016 

.016 

TOTAL FLIGHT OPS 

1.536 

lw341 

1.293 

1.076 

DIRECT HAINTENANCE COSTS 





LABOR AIPFRAHE 

.286 


• 165 

• 142 

material AIRFRAHE 

.179 

.118 

.096 

.064 

LABOR ENGINES 

• 050 

.037 

.033 

• 030 

haTcrul engines 

• 332 

.249 

• 224 

• 203 

maint, burden 

.608 

.417 

.357 

• 310 

total maintenance 

X.458 

1.015 

.677 

.768 

total direct OPERATING cOST 

• 




i/AiRCRAFT HUE 

2.995 

2.356 

2.170 

1*345 

1/FLIGrlT HOUR 

126X,5 

1109.6 

1040a 

921.3 

S7BL0CK HOUR 

1129a 

1041.4 

1003.2 

894.8 

A/avail, seat hue 

• 018 

.014 

• 013 

• Oil 


cos^ PER AIRCRAFT TRIP • $ 73^.91 PLUS A 1.72/iU£ 


COST PEP SEAT TRIP « A A, 30 PLUS A •OlOO/HUE 
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Table 27 

SAMPLE PRINTOUT OF DIRECT OPERATING COSTS PER BLOCK HOUR 


» P£R BLOCK HOUR 

•PROP FAN • 


CRUISE altitude IFEGTI 

30000. 




stage LENGTH (MILESI 

575. 

1150. 

1726. 

3 700. 

block Speed (mph» 
BLOCK TIME IHOURSI 
FLIGHT TIME (HOURS) 
CRUISE TIME (HOURS) 
BLOCK FUEL (POUNDS) 

377, 

1,525 

1.365 

.662 

1X200. 

662. 

2.602 

2.662 

1.919 

19300. 

3#73<i 

3.57f» 

3.051 

23300. 

^65. 
5.567 
5 .<»07 

3<»300. 

0.0. C. FACTORS (INPUT) - 

ANN UTILIZA|I0N(HR)» 

3077. 

LA3: ^ RATE ( 5/HR) • 


DIRECT OPERATING COSTS 


FLr^NG operations costs 

FLIGHT CREk 
FUEL AND OIL 
HULL insurance 

total flight ops 

direct maintenance costs 
Labor aifframe 
material airframe 

LABOR ENGINES 

material engines 
naint. iuroen 
total maintenance 


2l3.<»55 

3S6.678 

7.5<»5 

579.677 


10a..A2<> 

67.A50 

16.965 

125.277 

229.336 

5*.9.^72 


213. A55 

371.672 
7.5A5 

592.672 


35.92D 
52.093 
l6.<>53 
109.955 
Id A. 232 
708 


213. <.55 
376.770 
7.5A5 
597,769 


76.260 

65.500 

15.373 

103.377 

166.950 

605.650 


213,655 

301.121 
7.565 

522.121 


53.566 
60.507 
16.552 
98.;i95 
150.293 
372.: 93 


8.00 
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Table 28 

SAMPLE PRINTOUT OF INPUT PARAMETERS PX)R 1KDIPJX:T OPERATING COST CALCULATIONS 


•PROP FAN ♦ 


snplanE 



H 

• 

.3E^05# 

RCSl 

• 

. j76EtO<»» 

RCH 

■ 

.175£tO^, 

CLS 

e 


CRS 

m 

.^A2£^03# 

0E5S 

m 

.3EtC3# 

CfiT 

m 

•16E*00# 

Ant 

m 

«16E»C0» 

nrSEAT 

m 

i7l. 

SEND 




SNSTAGE 












H5L 

• 

3» 










flF 

• 

•37EfCO, •35E«00# •^£♦00* O.O* 

O.Op 

O.Of 

0.Q9 

0.0# 

0.0, 

0.3, 

0.0# 

O.Of 

0.0, 

Ctf 

■ 

•6A£*00# •6£t00# •6f£»00# 0.3# 

3.0» 

0 *Op 

0.0, 

0^0, 

0.0, 

0.3> 

0.0, 

0.0, 

0.0, 

OIS 

■ 

,!>75E403f •U5E^0<i» •1726E40 a» 

O.Of 

0.0# 

D.Df 

0.3» 

0.0, 

0.0# 

0.0, 

0*0^ 

0.0, 

CF 

■ 

•lOlE^Ol# •lOlE^Cl# .lOlt^Olr 

0# 0# 

0.0, : 

).0, 

3«0, 

3«0# 

0«0, 

0*0, 0» 0# 

0.0, 

0.0, 

DPI 

• 

«I16401, .iZEtOX, 0«0» 

o.o* 

0.0, 

3.3, 

O.Ot 

D.Df 

0.3, 

0 

• 

0 

0«0, 

0.0, 

U 

• 

•3079E#0A# 











0«0f 0«3# 0*0# 

0«0# 0*0# 0 *' » 0»0r 
3«0« 0*3# 0«0f 0*0# 0«0» 
3«3# 0.0# 0«0* 0.0# 

0»0« 0»0» 0*0» 0*0» 


SEND 



Table 28 (Continued) 


SSTEUS 

■ .2219E+02, 
fSTEH • ,l2Et0l, 

CSTeM • ,18E+01» 

SEND 

(FOOD 

AI6 • .94995E+00# 

PS • .12E+02# 

CS ■ .159E+03* 

FOOOR ■ ,236E+Ol» 

SEND 


iPAXFLT 

AI7 • .107E-02# 
SEND 


*acserv 

Ale 

AI9 


•66664029 

.l 97 fl£+ 02 , 

.3«36Et02# 


AIIO 

»ENO 
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Tabic 28 (Continued) 


STRAFF 

AlU 

AI12 

AX12A 

3aG 

RTM 

RTF 

SEND 


" •201E<-01p 

■ .9906E+02, 
» .9906E+02, 
• .3E<02p 

® • 2 E +00 f 

■ .4E+C0p 


SRES 

AI13 ■ .IZlE+Ol, 

AIl^ ■ .A7^E-02 p 

AU5 «• .625E-02P 

EXP • .l^E+OOp 

SEND 


SAOV 

AI16 • .142E«*02> 
AI17 • .525E-02, 
SEND 
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Table 28 (Concluded) 


SMAINT 


AI18 

• .2A32E+02, 

AI19 

■ .2097E+02> 

AI20 

■ .1729E-01> 

AX2 

■ ,l5525E+C3r 

SEND 



S6ENA0H 

AI21 « .5^07E~01. 

All ■ ,38279E+0:^» 

AI2 ■ .1552f5E+03^ 

AI<» • ,2418E+02, 

SEfO 
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Table 29 

SAJCPLE rRlNTOirr OF INDIRECT OPERATION COSTS PER TRIP BY STAGE LENGTH 


FAN ♦ 


PASSENGER TRIP DISTANCE CrtllE S ) 


6L0CA SPEED (NPH) 

StaCK TlPc (H JRS) 

FLIGNT n.lE CHOURS) 

OEP/PAX TRIP (FLIGh: BASIS* 
PASSENGER TRIP CIRCUITRY FACTOR 
wQACH LOAD FACTOR 
FIRST CLASS LOAD FACTOR 
flying OP6RATinNS(L6$S RENTALS) £XP 
HAISTENANCE EXPENSE FLY EQUIPMENT 

rentals flt equip 
Passenger in fly expense 

STEWS 

food 

OTHER 

AIRCRAFT SERVICING EXP 
LINE SERVICE 
CONTROL 
landing FEES 

total aipcraft servicing 

traffic servicing fcXp 
PAX baggage 

CARGO 

total traffic servicing 

RESESVaTIGN SALES 
PAX 

property 

TOTAL reservation SALES 


advertising • 

PAX 

PROPERTY 
total AOVcRTI 
NAIMTEN4NCE E 
DEPR-GENI RAL 
OEPR-NAINTENA 
general ^ AON 
TOTAL INDICEC 
INDIRECT COST 

Indirect cost 

INDIRECT COST 
iNUIRcCT COST 


PUBLICITY 


SING * PUBLICITY 
XP- GRO PROP ^ cCUlP 
GRO PROP A EQUIP * AMORT 
NC£ EQUIP 

Expense 

T operating expense 

PER AIRCRAFT MiLc 
PFR FLIGHT HOUR 
PER BLOCK hour 
PER AV« SEAT HUES 


575* llSO. 


377, 

1*529 

l*3S9 

1*013 
• 6 AO 


AA2* 
2*602 
2.AV2 
1*000 
l.OlO 
• 600 


^62* 
3*73^ 
3*57A 
1.200 
1*010 
• 670 


Cl 

*370 

• 350 

• voo 

583.90I 

996 .0981V29.213 

C2 

236.SIS 

«0a.96S 

579.653 


36*66V 

61.921 

90*280 

cs 

lOUSVS 

in. 227 

266.551 

CIl 

162*637 

163^325 

V18.0X9 

CIV 

66.993 

123.793 

207.663 

CIS 

75.660 

63.830 

62*560 

CIS 

30.172 

51. ATI 

73.852 

C17 

37.796 

39.360 

VI. 232 

TAS 

1V3.6V6 

15^.611 

197.6VV 

C22 

371.265 

3^1.192 

389,199 

C23 

59.V36 

.7.935 

59.V36 

TTS 

V30.70X 

A07.628 

VV8.635 

C26 

V20.BV5 

663.865105 V. 635 

C27 

I.V52 

1 .90A 

V.358 

TRS 

V22.296 

671. 7691058.993 

C30 

37.579 

16A.273 

275.590 

C3l 

1*220 

*'.939 

3.661 

Tap 

93.799 

11*6.712 

279.250 

C32 

26.752 

16.323 

39.13V 

C33 

23.067 

.:l.973 

35.16V 

C3^ 

V.557 

7. 605 

I0o27 

C35 

126.359 

U6.292 

269.652 

C36 

159A.3552 

Ii>7.04J3 

193.281 


2.773 

1.919 

1.650 


1168* 

900. 

89V. 


IOV5.217 : 

J'9.315 

855.265 


.016 

.011 

• Oil 


COST P£R AIRCRAFT TRIP . $ 991.65 PLUS I 1.05/lUe 
COST P£R SEAT TRIP . $ j.eo PLUS 5 .0061/MlLi 
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t69S873. 

i»69<te73. 


/■ 

/ 

/ .■ 




f , 


If'' 



f 



I : 


I'f 




Table 30 

FPl:aOL'T Of IOTAL OFEMTINO f/>5.75 fsT YtAF 


6b0^&73* 

&&9<ib73. 


&&99d73« 

ib9ba73. 


6699373. 

6699373. 


66V9S73* 

6699673. 


6691973 . 


6699373. 


6699973. 


6699373. 


/ . 

. / 


6699073 



to zero in the program. 


Program OPLIFE Chen prints a repeat of Table 23, which provides initial 
investment costs by year for the first aircraft price ($5,000,000). 

The remainder of the printout provides information computed during 
the financial analysis performed for each of the 11 aircraft prices 
($5,000,000 to $30,000,000 in increments of $2,500,000). The information 
illustrated in Tables 31 through 39 are printed for each aircraft price. 

The tables provided here are for the first aircraft price, i.e., $5,000,000. 
All the printed information is in dollars, unless otherwise noted. 

Table 31 is printed by subroutine .\ETSUB. This table presents the 
computed values for double-declining depreciation (DEPR) . straight-line 
depreciation (STDEP), earnings before interest and ta.xes (EBIAT), and 
earnings before taxes (EBT) for each of the 15 years. Xext, a table like 
that illustrated in Table 23 is printed by subroutine SUM for the aircraft 
price under consideration. Table 32 is then printed by subroutine SUM. 

This table provides the total initial Investment costs (SINTIM) by year 
for Che aircraft price under consideration. Because the number of aircraft 
analysed is preset in the program at one, the total initial investment cost 
is always equal to the initial investment cost (INTINV) for one aircraft, 
which was previously printed. 

Subroutine SUM then prints the depreciation statistics illustratea in 
Table 33. In this table, the double-declining aircraft depreciation (DEPR) 
by year is printed, followed by the straight-line depreciation (STDEP) 
by year, and the total depreciation (DEPREC) by year. 

The next printed output is produced by subroutine CFSUB and is 
illustrated in Table 34. This table provides the net cash flow in each year. 
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Tdble 31 

SAMPLE PRINTOUT OF DEPRECIATION AND EARNINGS BY YEAR 


OEPRo •566784^06 

ST06P* 0« 

EdlAl* *;!365E^06 

ear • ••615 ae^o5 

0£PR» •502^H^06 

STO£P» 0. 

EBUT* «3027£«06 

EsT • •xziae^oj 

DEPR- 

STOEP* 0# 

E81aT« •359&E^06 

EBT • •7945E^05 

DEPR* •395qE«06 

$TOEP« 0. 

E6Ur« .AXOIE^OA 

E6T • .X<»X^E^C6 

OEPR* •3502E^0& 

STOEP* 0# 

ESUT* •^5^9E*06 

EBT • .X987E^06 

OtPR« •3X05E^06 

STOEP« 0. 

EBUT* •4i9^6E^06 

EBT • .25E26^Q6* 

OEPR- •2754£^06 

STOEP* 0. 

EaiAT- .5296£^C6 

EBT • .3026fc^06 

OcPR« C* 

STOtP* .X755E^06 

EBUT* •6296E'K)0 

EBT • *4X92E^06 

OEPR- C# 

STOEP* •X755E^06 

EBIaT- .6296E^06 

E3T • •43766^06 

OEPR* 0. 

StOEP- .X755E^C6 

EeiAT« •6296E^06 

EbT • .<»578E^C6 

OEPR* 0* 

SrO£P« .X755E4^C6 

E8IAT» *6296E^06 

Ear • .A8ClEt06 

OEPR« Ct 
STOEP« •X755E^06 

tBUr- .6296E^06 

Ear * .50A6E4-06 

OEPR- 0. 

STOEP" .X755E^CB 

EflIAT* #6296E^06 

EBT • •5315E^06 

OEPR- C* 


STOEP* .1755E^06 

EBIAT* .629A£*06 

EBT « .56UE^06 

OEPR- C* 

STOEP* •1755E»C6 

EBIAT* •6296E4C6 

cBT • .SOaTE^Ob 


177 



■■9 



/ 


0 




■ \ 









Table j2 

S/*MPI-E PKINTOUT OK TOTAL INITIAL IlfVLSTKtIfr COSTS BY YEAR 


SINTIN* .200C£»C7 0* 

SINTXH" 0» &• 


0 * 0 * 
0 * 0 » 0 * 


Q« 


0 . 


Table 33 

SAl-IPLE PRINTOUT OF DOUBLE-DECLINING, STRAIGHT-LINE AND 
TOTAL AIRCRAFT DEPRECIATION BY YEAR 


0EPR“ 

«b667E406 

OEPR- 

•5024E+06 

OEPR* 

• <r4556«06 

oepr« 

•3950E+06 

oepr» 

• 3502E<"06 

OEPRa 

« 310SE'^06 

OEpro 

o275^E+06 

OEPR* 

C. 

0EPR» 

C* 

OEPR- 

C. 

OEPR- 

D. 

DEPR" 

C • 

OEPR- 

c* 

0EPR» 

c. 

OEPR- 

0. 

STDEP- 

0. 

SYDEP- 

0 • 

STDEP- 

0. 

STOEP- 

0. 

STDEP- 

0. 

STOcP- 

0. 

STDEP- 

0. 

STOEP- 

.1755E+C6 

STOEP- 

•1755E+06 

stoep- 

•1755E+06 

STDEP- 

.1755E*06 

STDEP- 

•1755E+06 

STDEP- 

.1755E+06 

stoep- 

• 17'55E+06 

STDEP- 

.1755E+06 

OEPREC- 

•?667E*06 

OEPREC* 

•502^E+06 

DEPREC- 

t<i455£+06 

DEPREC- 

. 3950E+06 

DEPREC- 

.3J502 E+06 

OEPREC- 

.3105E+06 

OEPREC- 

• 275<tE'«-06 

OEPREC- 

*1755 E ‘^06 

OEPREC- 

«1755E+06 

OEPREC- 

• 1 755 E*^0 6 

OEPREC" 

1 1 755 E^06 

OEPREC- 

.1755E<-06 

OEPREC- 

.1755E+Q6 

OEPREC- 

• 1 755 E+06 

oeprec* 

•1755E+06 


it> 
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SAMPLE PRINTOUT OF CASH r*.OW BT YEAR WITJiOUT OPEKATINO VOSS 
CARRYOVERS OR CAPITAL CAINS TAX 


CASH FL3W -.lS6Ca*07 .AOA9E«06 «372SE«3& .SAZBEaQS •3nSE*06 .7696E06 «2b3ACA06 •2d9)E«9& mZ0Q7i*Qt 

CASH FLOy •le03c^06 *1B85E^06 .ISSSE^Ob «a737E»0& 


•1910E*06 



The net cash flow In any year is computed as cash inflow (revenue plus 
Vlvage value of retired aircraft) minus cash outflow (Initial investment cost 
plus payment on purchase loan plus total operatine cost plus income taxes). 

In this case, taxes are computed at a straight 48% of earnings before 
taxes, without operating loss carryovers or tax on capital gains. Earnings' 
before taxes in this case is taken as revenue minus operating cost minus 
depreciation minus loan interest. 

Subroutine TAX provides the next printed output, which is illustrated 
in Table 35. This table provides the capital gains (CG) after capital gains 
tax by year. Since the aircraft is assumed to be retired in year 15, the 
only nonzero capital gain will occur in year 15. After tax adjustments 
are computed for carr>-overs of operating losses and capital gains tax (see 
Section IV. A - Tax Adjustments), subroutine CFSUB prints the cash flow for 
each year including these tax adjustments. This printout is illustrated 

in Table 36. The cash flow with tax adjustments is used in the remainder 
of the financial analysis. 

Next in the printed output, subroutine DCFSUB provides information on 
the iterative calculat fons used to determine internal rate of return on 
Investment. This printout is illustrated in Table 37. After every tenth 
iteration, the trial race of return in printed along with the associated 
discounted cash flow sum. The last line in Table 37 contains Che final 
values to which the iterative procedure converges. 

Subroutine OUTPUT next prints summary statistics computed in the 
financial analysis for the current aircraft price. This printout is 
illustrated in Tables 38 and 39. The information printed for each.year 
includes annual revenue. Initial investment, principal payments on Che 
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Table 35 

SAMPLE PRINTOUT OF CAPITAL GAINS BY YEAR 


CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 


3. 

0 . 

3 . 

0 . 

0 . 

3. 

0 . 

3 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

•5250E+06 


18 
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SAMPLE FRINrOlTT OF TIIE CASH FLOW BY YEAX WITH TAX ADJUSTMEKT, FOE LOSS 
CAmOVERS AHD CAPITAL CAINS 


CASH flaw -•1569E*07 

CASH flow* «ie03E«06 


•A197EA06 

« 160S£^06 


• 39 & 3 E *96 

•ISSBEtOB 


* 32 aAE« 0 & 

« 1 ^IAE «06 


•2331E»06 

•4S07EI06 


•1X20E»06 •269ACA06 •2093EAQ6 


•2007E«06 


•1910£»0S 



Table 37 


SAMPLE PRINTOUT OF TRIAL RATES OF RETURN ON INVESTMENT AND ASSOCIATED 

DISCOUNTED CASH FLOW SUM 


•0190000 

•0290000 

•0390000 

•0490000 

•0590000 

•0690000 

•0790000 

.0090000 

»0990000 

.1090000 

.1X90000 

.1290000 

•1390000 

•149COOO 

.I 5 IOOOO 


1590540.4742752 
1306319.4164780 
12C2453. 6305562 
1036495.9877356 
8o6328. 6796901 
750115.1137735 
626259.3143743 
513371.5913709 
410239.4516678 
315802.9055015 
229l33o463«,741 
149416.2423242 
75934.6015863 
8057.4016714 
-4895.6622882 
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Tabu- 38 

SAMI'LE ;*RIN|4M1T ()K SIKMARY FI.'iAHClAL ANAJ.YSI5 STATISTICS (FART 1) 


riAk 

ANNUAL 

HEVfcNUE 

(31 

INVcS 

INITIAL 

U1 

fNENT 

PRINCIPAL PAY 
(i) 

OPERATING 

COST 

m 

OEPRECXtriON 

C3) 

1 

750O0qo,O0 

2030DD5.33 


&S9, 073.^9 

566656.67 

2 

73COOOO.OO 

C.D5 

103853.45 

61)9, 973. ,9 

1069111.11 

3 

7500000.00 

0.00 

114249.61 

669'873.,9 

1916611.99 

4 

7500C00.00 

0*00 

12}i7«.79 

669>073*45 

1909622.91 

5 

7500000.00 

0.00 

138242.27 

6694673.45 

2299099.29 

6 

75000CO.OO 

c.oo 

152064, 5j 

&97«873.S9 

2570413.09 

. 7 

7500000.00 

0.00 

167273.15 

6694073.45 

2045756.90 

8 

7500000.00 

9.00 

184000.46 

6694873.45 

3021296.11 

9 

73DOOCO.OO 

0.00 

202400.51 

669«i073.45 

3196029.26 

I'J 

75COOOO.OO 

0.00 

222640.56 

669<B73.45 

3372396.36 

XI 

7500000.00 

o«oo 

244904.51 

0694073.45 

3967003.69 

12 

7500000.00 

0.03 

259395. DC 

6594073.45 

3723612.62 

13 

7500000,00 

O.OQ 

29523^,38 

4694073.45 

3098961.79 

14 

7500000.00 

0.00 

32395‘»,04 

6694873.45 

6016670.67 

15 

75C0000.00 

0.00 

353344.05 

6694873.45 

^290000.00 

ntAis 

11250OOCU.OO 

2000001.00 

70S9J30.9} 

100423101.70 

4250000.00 


earning BEEORE 

iNlERESr AND TAX 

m 

238^89*69 

302682.10 

3S9623.9I 

A101I3.Q9 

A5A083.7r 

69A5/7.95 

529773.A6 

629S97.A2 

629397.A2 

629597.A2 

6293/7.42 

629397.42 

62’JJ97.42 

629397.42 

629397.42 


r*2699S.22 


INTER6ST 

3000C0.OO 

290557.87 

280171.52 

259746.54 

236179.06 
2^2334.63 
227140.19 

210420.07 
192020.02 
171700.77 
149516.72 
125026.25 

98006,75 

68453.29 

35836.40 

2916319.96 



Tai>Jc 

S/^U'Lt I-RINIUUT OK SUMMAltY KINAIiClAL AlfAl^YSIS STATISTICS (FART 2) 


T6AR 

WARNINGS 
BEfnftE Tax 
(&) 

iHcone 

TAX 

Ul 

'^ET 

EARilHGS 

U1 

I 

~6X3SG.12 

0.03 

-515^3.12 

2 

0. 

o 

o 

o 

3.03 

3 

.3tt»03 

16^10./, 3 

15619.97 

<t 

• I7E 406 

82275.72 

89132*03 

5 

.37t^06 

177653.9B 

192S58.A0 

it 

•62E»06 

296721.08 

323616.50 

7 

• 30Et06 

1^5260.13 

157365*16 

0 

• A2 E *06 

2O120A.7^ 

217971.31 

9 

•^^E*06 

210036.77 

227539*33 

TO 

• A6Et06 

219751.99 

23836^*66 

11 

S8h«06 

230^38*7A 

269661*97 

12 

• 30£*06 

2^219^.16 

262377«0l 

U 

.33t*C6 

255125.12 

27SJ85.55 

U 

. .56L-06 

2693^9.18 

291796.95 

13 

•39fc*06 

309995.65 

633765.29 


• J3E07 


NET CASi 
TLOtf 
C5I 

DISCOUNT 
FACTOR 
KOI* *151 

DISCOUNTED 
CAS^ FLOrf 
ill 

NPV 

ill 

-l*S929t.7a 

l.OOOX 

-l)t929«.2« 

-1509296.78 

91070i.Z2 

• 9669 

I56826^69 

-1232970.09 

396286.76 

.76^3 

299129.29 

-933360.83 

329629.69 

• 6559 

215305.36 

-717955.66 

23)0$1.2« 

• 5699 

^327a$.l« 

-S6il70.11 

111986.16 

• 6950 

55636.67 

-529735.66 

23S99>.09 

• 6301 

116162.31 

-615573.33 

209503.67 

.3737 

78’ai.25 

-317292, Oj 

230660.65 

• 3266 

6il99.il 

-272197.77 

190963.23 

• 2823 

3}ei7.aa 

-21«2a9.91 

190266.60 

• 2653 

99171.99 

-179116.91 

150511.06 

• 2129 

3ie7i.6l 

-138290.76 

155580*39 

• 1C53 

25777.11 

-U<9963.9i 

1^1356.0S 

• 1607 

22716.17 

-86797.28 

650709.57 

• 1396 

99a9l.i2 

6109.39 

iS941}2.t6 


6106.36 



totals 


5S£^o7 


2o:>S^25«7C 



purchase loan, operaring cost, depreciation, earnings nefore intere 
and taxes (excluding capital gains), interest payment on the purcha 
loan, ecrnings before income taxes (excluding capital gains), incom 
(including capital gains tax), net earnings (including capit-’l gain 
taxes), net cash flow, discount factor for the computed rate of retu 
discounted cash flow and cumulative sum of discounted cash flow (^^? 
In addition, the totals for many of these quantities are provided. 

The remainder of printed output of the Air Carrier Modules cons 
of a repeat of Tables 31 through 39 for each of the other 10 aircra 
prices. 


187 


V SAMPLE PROBLGl 


The secple outputo which were presented for illustration purposes 
in Sections II, III, and IV were generated from a sample run of the ASC-ART 
models t In this Section, the Job setup, input data, and computer resources 
for the sample problem are described* This description should prove valuable 
in preparing job control language for a run and preparing an input file. The 
sample problem can also be run as a check on proper program installation* 

A* Job Setup 

The sample problem was run at the XASA Anes Research Center using the 

CDC 7600 in batch mode using the SCOPE 2*1.3 operating system* The ABC-ART 

models are exercised in two distinct job steps* The Fleet Accounting Module 

and Airframe ^lanufacture;: Modules arc run in the first job step* The Air 

Carrier Module is then run in the second job step. 

iVssuuing that the FORTRAN source code for .the Fleet Accounting and 

Airframe Manufac.:urGr Modules (as shown in Appendices C and D) reside in a 

direct-acct-ss disk file named FILEl , that die object code for the ZETA 

plotter resides on a direct-access disk file i:ar.ed ULPLOT * and that the 

input data is ?n a card file (using 029 ASCII punch)^ the job setup on the 

COC 7600 to compile, load, and execute the Fleet Accounting and Airframe 

Manufacturer Modules is as follows: 

Job card 
Account card 
^riACH, FILEl. 

FTN, I-FILEl, R-3, OPT-2* 

ATTACH, PLOTPGIC, ULPLOT, ID-MSXELT* 

LIBRARY, PLTPGK. 
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LDSETT, PRESET-ZERO 
LGO. 

DISPOSE, TAPS9, *PR. 

DISPOSE, TiVPEll, *PR. 

7/8/9 card 
Card input data 
6/7/8Z9 card 

The 7/8/9 cord consists of a 7/0/9 punch In coluna oue; the 6/7/8/9 card 
consists of a 6/7/S/9 punch in colusi 1. 

The card input data is asoucod to be read fron logical unit 5 and the 
printer output is provided on logical unit 6. Logical .rnits 9 and 11 pro- 
vide temporary disk storage for output generated by the Fleet Accounting 
Mo(.ule that is to be plotted. Logical units 9 and 11 are used by subroutines 
PLOTTER and PLOTSGL, respectively, in plotting ’suits. 

Assuming that the FORTRAN source code for the Air Carrier Module (as 
shown in Appendix E) resides on a direct-access disk file named FILE2 and 
that the input data is on a card file (using 029 ASCII punch), the Job 
setup on the CDC 7600 to coepile, load, and execute the Air Carrier Module 
is as follows: 

Job card 

Account card 

ATTACH, FILE2. 

FTN, I-FILE2, LCM-I, OPT-1, R-3. 

LGO, PL-7777. 

7/8/9 card 

Card input data 

6/7/S/9 card ' 

The card input data is assumed Co be read from logical unit 5 and the 
printed output is provided on logical unit 6. 
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B. 


Input Data 


The card input data for the Fleet Accounting and Airframe Manufacturer 
^^odules are prepared in accordance with the specifications provided in 
Sections II. C and III.C, respectively. As indicated previously, the input 
data for the Airframe Manufacturer Module precedes that for the Fleet 
Accounting Module in the input stream. Table AO provides a listing of the 
card input data file for the sample run of these modules. Note that several 

end-of-flle cards (which consist of a 7/3/9 punch in column one) are embedded 
in the data file. 

The card input data for the Air Carrier Module is prepared using the 
format described in Section IV.C. Table A1 provides a listing of the card 
input data for the sample run of the Air Carrier Module. 

C. Computer Resources 

Hardware requirements to utilize the ABC-ART software include a card 
reader, printer, disk storage, and a ZETA plotter. The software is currently 
programmed for use on thT CDC 7600 computer system. The program makes use 
of both small core memory and large core memory on the CDC 7600 system. 

The job step to run the Fleet Accounting and Airframe Manufacturer 
Modules requires 132K octal words of small core memory and no large core 
memory. The sample problem took 5 CPU seconds to compile and 17 CPU seconds 
to execute. The Air Carrier Module requires ISAK octal words of small core 
memory and lAAK octal words of large core memory to run. The sample problem 
took 3 CPU seconds to ccmpile and 1 CPU second to execute. 
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Table 40 

LISTING OF CARO INPUT DATA FOR SAlffLE RUN OF THE FLEET ACCOUNTH.’C AND 
AIRFRAME KANUFACTURER MODULES 


SlNPUTl 

fcf'<a2.U« r'Acber.n* 

Ts450a0. * 

* '‘>^E*’0»3avo. t wnoora3b320tt 

bFUSYr!f^‘^''** *EN4CC«12B0.. eENGSaaoilC.. 

i»FUSt>; 31««, . , •«Fi,ijiirs4fjA3. ,, _ 

........ 

^^•HANut .1 )a.r, t.ANTICbOO..'), aA»IONe2l20.U. *ThEVS«6990.0» 

5INPUT2 

AOI.O., , C„c„!.7. CfAMO.0.65. CF00..0.7.. 

CFHVrt.e !,5 CfENACafl.40* 

fJC-TAsb# .-.FVs5*r« 

N0£iiiblo5.i*»*»/, NOYCrSav. NOYM.SJt»Uo, 

.otb.Of lOU.Ot3JO.Ot6yO.iAf 

AfIsSY PTO15.0. TOOLCal.O, 

Ar AK'F«aj*20f 

LEAkNP 3 !.„.,„, LEAF-N.Ml.a;,, ULAH.Nae61.Bb, 

CFFU6v».*. . 

SE^O 

HtOuCru LfJc.wpY pwoP-KAr< 

&IN 

APt^b'''" ' ‘bss/o., FEE ■ O.UO, NVMF a872. , lAlnPU»3, 

SEno 

l'UllU7?l 

SlNPuTl 

T«AfSCrt0.t 

W600v,36320., 

hFU^Yc-^^ ‘^"** -KNACC-Uec',, -ENGbeaoiU’., 

"rUbY^SO**., befrMTi.TsA^AT- — 

.I^bT.47... ^LOHjsbF. . ■ :;.IcLUaU29... 

WHANUlal »’AYL»4S73(». • 

1ENL> •'•^'^TIC = = 0v. ., -AVIONBSlSy.o, -7«E vSc6«;90 . 0 . 


■ u.bO, 
EN « 2.» 


NvmF a872. » 

7 a h2420.» 


lAinPUaS, 
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Tabla AO (Continued) 


S1NPUT2 

AOli!0»t» •*«*tOt« 0 ,W AGEPIaC.)« CFACSo?,?* CKAtrtOaO .65 ♦ Cf H0UY«0.7'J« 

CFfLCOao.Bo* Cf£Mpol, 9 , CFTl'ttCaO.AOt 
CFHYCOau.bS* Crii'^STaC. 70» CFUjc 0.70» CFPACC»3.10* CFP0*«»3,2. 
rK^lrOac.Oi CONPlG-1,0. CTJIal.O* ESSPaCoO.A, tNSPAH».*0. 
MCI«O,0» t’f.Eap.OCf FVSHAP»J.2« GTSPAPep , I c » ICGVK&»6« 

IUAT*«i, Iro«t-*2, IPHOt.sl. 

lOPbet). iVCH^bcj. KiDATAo&t i^FVoB.Ut NGal« 

NU£N6loS3t,K. NOY«b“W.7S» NOYHSIbI.O. 

NVod67,0 ♦ i»VKhal ,/;,5.3* JOU.0.3L'O.Ot600,0» 

POTJI»n,J.» i4ATr«n.» A£nl 7 , 3 , RTalS.O* TOOLC»l,0» 

AFASSY o<.,(.w. A»jf.t»u.20» 

Ut*ArtNo»S>J« ih« LtAKNaKJ.es* LtAKNAop I . ts5* 

CFFUSva,; • 1 It 

send 

PEUUCrL- LNtPr.Y PHOP-FaN (?67-76?> 

SIN 

YFcr* E lyHS.t »t = 1^S^<70.. F£E a C.UO* NVhF s872. * IAIRPLa3. 


AKT a J.Ott ITNbS a 2 * PN a 171 .* £n a 2 ., T a A 2 * 2 (i., 


a£f..;b X tt-J'-P,. 

send 

Ziuiuiri 


END OF 

7. 

F TLr 

1 • 


7* 

ENO OP 

K Tl 

1 • 


shunt 

N»*^uE 



6*U 

0 b A> 

6 • U 

ft.C 

6*0 

• 0 

(H • 0 

6«U 

6.0 

^ . j 



6 • C 


D • U 

b«0 

• 5b 

• jS 

• d5 

• 5b 

• bb 


.5b 

• Sb 

• 5b 

• *j5 

.55 

• 55 

• 5b 

• nb 

• bb 

.55 


6,0 

6»U 

6.0 

6.0 

6,0 

6*0 

6,0 

6.0 

t.ii 

6,0 

6.0 

&.0 

6.0 

6,0 

6 ,U 

6,0 

• 5b 

• bb 

• Sb 

• Db 

.55 

• b5 

• 5b 

• bb 

• 55 

.55 

• Sb 

• bb 

.55 

.55 

• 5b 

• bb 
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T&bltt 40 (Concluded) 


I 


2£NGNdTF 

0« 


F9.7 

.2157 

311. 


16. 


163*4 

0* 

0* 

0 

*' • 
r*. 

u • 

r.. 

J • 

C« 

C. 

0. 

c. 

0. 

0. 

0. 

0. 

0. 

30.0 

C. 

0. 

c. 

01.7 

0. 

0. 

C • 

135.8 

0. 

0. 

0. 

0 

MEDIUM 








6*0 
6*0 
6«0 
6«0 
o bb 
*Bb 
.55 
«5b 

3 

6*0 

4.0 

6.0 
6 • i» 

*bb 

• Ob 

• 55 

6.1) 

4*0 

6.C 

6*0 

.55 

.55 

.55 

.55 

6.0 

6.C 

• 55 
*55 
*55 
.55 

6.0 

6.0 

6.0 

6.0 

.55 

.55 

.55 

.55 

6.0 
• 6.0 

O.O 
<>•0 
.55 
• 55 
.55 
.55 

6.0 

6.0 

6.0 

6.U 

.55 

.55 

.55 

.55 

6.0 

6.3 

6.0 

6.0 

• Db 

.35 

• b5 

4EN(iNbTJ 

JVe?o. 

134. c 

*2523 

40«. 

5^509.0 

16. 


U« 

0. 

0. 

A 

n* u 

j * 

6*0 
• ♦ • 

0* 

#■ , f* 

1. 

3. 

9.0 

0. 

0. 

0.0 

0. 

0. 

0. 

0. 

0. 

0* 

0. 

V • 

♦ENGNbTf 

A 

'I • 

IVoi. 

u. 

144.3 

3« 

.l'»S9 

0. 

404, 

0. 

3102. 

0. 

lb. 

0. 

U« 

24. ^ 
0* 

fl « 

.* • 

IV. O 

•* • 

« 

5* T 
2J*5 

0* 

7.ii 

A 

*• • 

7.5 

0. 

J • 

7.5 

0. 

U. 

6.4 

C. 

9. 

17. 

C. 

0* 

3£NiiNii 

. . 

C • 

112*2 

0. 

.2140 

0. 

3S8, 

0. 

3o79. 

U. 

16. 

0. 

u# 

110*1 

e* 

0* 

0 

\ • 
• 

.* • 

!• 

52.4 

r* 

r. 

u . 
0* 

5a. 

13.3 

a. 

0. 

74.4 

21.8 

0. 

H. 

77.7 

55.0 

0. 

0. 

92.1 
2b. 3 

0. 

2 








N2Ert(jW(iHr ivo/, 
N199CAC Iw9i. 

EHO 0^ f TL-r. 

171. 

171. 

.114 

.114 

358. 

35G. 

3079. 

3079. 

lb. 

16. 

N2ENG«BPf 


1 

END Of FtL*-* 


aiy^fi^AL o 

• oS? ■ ■ 
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Tebla 41 

LISTING OF CA!U) INPUT DATA FOL SAMPLE RtBJ 0? THE AIB CAERIER tOOULE 


U»3i;7V,» v'sL**'* 

• I f 17?6« t^70J* 3tu«OtO«OtO»OoO«UtO«Uti}«OvOtO« 
FCHB2tir..<*i)uCa/i u«.r.-*/7'y,CO!L»£.770. 

St«D 

• PkC'b p'»>* * 

SNPLANt 

H»300M.t r(.Sl «17A .» HCKi.i?5c,» CLS«400.* Ct7bo5*2.« UESSo3U0.t ls»<To.l6« 
AHTB*lAf •i?ra2t>9| Oi' • < F1 b 11200»* l)l<>!>7S«t F2 q1V&0C«i U2BlllSb«i 
VA»l‘*7,'(00oi • * WFa) fbboCO. « •EMslH«500.» bENo1<»o 30.* Ta37A00«» NbCHEwoCt 
hrtENjN»2» NbSEnTnUJt *'f'LA(sE«\f 
SEND 

®PkOs F"*'< • 

SNPL^Nf 

H«3000".« bu5l.«37A^.» KC«i750»» CLSbaOO.# CHSo5*c«* OESSaSUO.t GPT».ib. 
AMTa.lAt .."jEATelTl t 
SEiXl) 

SNbfAfjC. 

NSl “3* 

FLFs,37t»Jb«.<»>A,«>;«fO*«'}»>i««C'«>0»*0«»Q««0<tU>*L««U»tC«< 

CLF a»64««b*»b7«3»«r>»fu*t0** i«fO**0«t0«40»*D**0**O«tCa*0** 

DlSaSi'F .• t ls:>. • 1 7?b. • w. <&. f V. tCt «Q. <0.«0« •U*«0.«0.*U. tO. «0. *0.* 

0PT31 «1 .«C'.<U.«b.«0.tO.«U.*0.«0.«0.< 

$Eno 

SSTt-S 

AI5e22.l*. i>Tt.(.al.?i Ci>TE*al,^» 

SbNH 

sFooe 

AItj8,ViV-*J« Cba|6v. * !• OOJkac, J6. 

SEnI 

SPAXFLf 

AlTs.Onl.-r. 

send 

SACSEt'V 

AIAeftl.^H, Ai>.alb,7P, A T i Ji. . 3b t 
SEnO 
STHuFf 

Alllai.Ol* »•! 1 ?a9<», ;b» Al lt»s09,r,6t tJA'je3j.» PTPa.A* 

SEml 

iWfcS 

AIlJal,2l* ~ M ••s , .' , <> /<• t A I J. 3s , oO A2S • FXPa*!*** 

1.EN0 

SALV 

A 1 1 OB . "O I • /• I I 7 = , K vb2*J t 
SENij 
SMAIM 

A;iH«r4,<2. -r’Var .n7, Altis. 01729. Al2sl5b,2b. 
iF.f<u 

SOtf'jAf'M 

A 1 2 1 a • ''b'*!.’ ^ . Alla3o2»*9i Ai2B)bb,2bi AIAa2A,10. 

$EM> 

ENC Of Fil.i- 
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